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I<RaCjL3N GRL$CN3a3a ja3 cjj3A
R8Aj@3Aaj 8Ran0cC<3Ic3cq¥aGjǹE3a R< <Cq3a 03N L3cj NǹE<jC<3 8Ran0cC<3Ic3
8Ra 3j@q3aj K?+ LRI3GwI3Y
K3Nc L3jR03aN3 8Ra K?+ GIcc3 B $CN0CN< @a RUN·3j 3N L3<3j @ǹE NǹEA
<jC<@30 R< Nq3N03c qC0j RLGaCN< jCI CLLnNRIR<CcG 8RacGNCN<. c· 3a cCjA
njCRN L30 K?+ GIcc3 BB LCN0a3 8GIa3jY 2N ·$3N $CN0CN<cGIǹ8j. cLj
8RacG3II3 C URIwLRa~ CL3II3L 03 K?+AGR03N03 <3N3a. <ǹa 8Ran0cC<3Ic3N
8 U3UjC03a jCI K?+ GIcc3 BB LRI3GwI3a jCI 3j GRLUIC,3a3j UaR$I3LY pC
0a3cc3a303 0Ccc3 UaR$I3LcjCIICN<3a L30 @3N$ICG U· j n0qCGI3 03N 8ǹacj3
UNAcU3,C~GG3 8Ran0cC<3Ic3cI<RaCjL3. 8¥II3c 8Ra II3 ja3 @nLN3 GIcc3 BB
CcRjwU3a. ?HA/`. ?HA/T R< ?HA/[Y /3N N03N ajCG3I CNjaR0n,3a3a
M3jK?+BBUNAkYz 8Ran0cC<3a3N $c3a3j U· GnNcjC<3 N3naI3 N3jq¥aG. cRL
3a C cjN0 jCI j N<Cq3 $CN0CN<c|NCj3j jCI 3j@q3aj @nLNj K?+ GIcc3 BB
LRI3GwI3Y
FUCj3I : C 03NN3 8@N0ICN< <Cq3a 3j Rq3a$ICG Rq3a 03 $CRCN8RaLjCcG3
q¥aGjǹE3a. cRL 3a n0qCGI3j 8 <anUU3N 8Ra BLLnNRIR<CcG #CRCN8RaLjCG U·
+3Nj3a 8Ra #CRIR<CcG b3Gq3NcNIwc3Y FUCjI3j <Cq3a 03jIE3a303 $3cGaCqA
3Ic3a 8. @qRa0N 03 8RacG3IIC<3 L3jR03a jCI 8RacGNCN< CN03N 8Ra i ,3II3 3UCA
Cu
jRURU0<3Ic3 Nq3N03c. cLj @qRa0N CNUnj cGI <Cq3c R< @qRa0N RnjUnj
cGI 8RajRIG3cY
B 03j cC0cj3 GUCj3I Ua¥c3Nj3a3a E3< a3cnIjj3aN3 8 3N $CRCN8RaLjCcG NIA
wc3 8 3UCjRU3a 8a <nI 83$3a qCancY NIwc3N 8N0j j 03a CGG3 3a NR<I3 a3A
<CRN3a CNj3aNj C URIwAUaRj3CN3j. 03a CN03@RI03a 3N @ǹE3a3 8Ra3GRLcj 8 3UCA
jRU3aY /3an0Rq3a $I3q 03j qCcj. j j¥j@303N 8 3UCjRU3a CL3II3L 8RacG3IIC<3
UaRj3CN3aL3cj 8@N< 8 UaRj3CN3jc I¥N<03 R< LCNRcwa3cLL3Nc¥jNCN<3N.
@qRaq30 qC<jC<@303N 8 j 8Ran0cC<3 U3UjC0ĢK?+ CNj3aGjCRN3a $I3q 03LRNA
cja3a3jY v03aL3a3 @a qC. q30 @E¥IU 8 <nI 83$3a qCanc 3UCjRU3a. 03LRNA
cj3a3j cjwaG3N 8 X`NG c,Ra3N cLL3NIC<N3j L30 $CN0CN<c|NCj3jcc,Ra3N
8aK?+ 8Ran0cC<3Ic3cL3jR03aN3. R< GRNGIn03a3a j 03NN3 c,Ra3 $ǹa Nq3NA
03c 8a3L 8Ra $CN0CN<c|NCj3j jCI j n0q¥I<3 URj3NjC3II3 i ,3II3 3UCjRU3aY
7Ra j RUcnLL3a3. Ua¥c3Nj3a3a 03NN3 8@N0ICN< L3jR03a jCI
8Ran0cC<3Ic3 8 U3UjC0$CN0CN<3a jCI $·03K?+ GIcc3 B R< GIcc3 BB LRI3GwI3a.
@qCIG3j 3a qC<jC<j 8Ra j 8a3LL3 CLLnNRIR<CcG 8RacGNCN< C 83Ij3j 8Ra i ,3II3
3UCjRU$3cj3LL3Ic3. R< 8Ra <3N3a3I 8Racj·3Ic3 8 03j ,3IInI¥a3 a3cURNcY
u
,GNRsI30<3L3Njc
Bj @c $33N  <a3j UI3cna3 N0 N CNqIn$I3 3uU3aC3N,3 jR sRaG c  T@/
cjn03Nj j j@3 +3Nj3a 8Ra #CRIR<C,I b3\n3N,3 NIwcCcY B ,RNcC03a Lwc3I8
q3aw In,Gw $3,nc3 B sc cnaaRnN030 $w cR LNw CNj3a3cjCN<. cLaj. @3IUA
8nI N0 8aC3N0Iw U3RUI3 s@R ,a3j30  <a3j sRaGCN< 3NqCaRNL3NjY B j@NG
j@3 @30 R8 +#b bǹa3N #anNG N0 II j@3 +#bCNc 8Ra LGCN< j@Cc UI,3 cR
cU3,CIY
B sRnI0 ICG3 jR 3uUa3cc Lw <ajCjn03 jR LwLCN T@/ cnU3aqCcRa KRaj3N
MC3Ic3N 8Ra j@3 <a3j cnU3aqCcCRN N0 cnUURajY i@NG wRn 8Ra $3IC3qCN< CNL3
N0 c@aCN< sCj@ L3 wRna 3Nj@ncCcL N0 UccCRN 8Ra a3c3a,@Y i@NG wRn
8Ra <CqCN<L3RUURajnNCjC3c jRsRaG RNq3aw 3u,CjCN< N0 ,@II3N<CN<UaRE3,jc
N0 8Ra wRna N3q3aA3N0CN< $aC<@j C03cY B L <aj38nI 8Ra  q3aw LRjCqjCN<
sRaGCN< 3NqCaRNL3Nj j@j wRn ,a3j30Y 2q3N j@RncN0c R8 GCIRL3j3ac sw.
wRn ,N cjCII $3 j@3 $3cj cnU3aqCcRaY
 $C< j@NG wRn IcR jR Lw ,RAcnU3aqCcRa QI3 HnN0 8Ra @Cc qIn$I3 ,RNA
jaC$njCRN jR j@3 UaRE3,jc. 0Cc,nccCRNc N0 8Ra @Cc 3N0I3cc RUjCLCcLY IcR. 8Ra
$3CN<  <a3j I303a N0 ,a3jCN< N 3ujaRa0CNaw 3NqCaRNL3Nj sCj@CN j@3
BLLnNRIR<C,I #CRCN8RaLjC,c <aRnU j +#bY
B sRnI0 ICG3 jR j@NG Rna ,RII$RajRac 8aRL mNCq3acCjw R8 +RU3N@<3N.
bǹa3N #nnc. N3jj3 bjaw@N #nnc. KC,@3I `cLncc3N. N0 i@RLc ?RI$3a<
#IC,@3a. 8Ra j@3Ca ,RNjaC$njCRN jR j@3 UaRE3,jcY
i@NG wRn jR 3q3awRN3 8aRL j@3 BLLnNRIR<C,I #CRCN8RaLjC,c <aRnUc
8Ra c@aCN< IRjc R8 qIn$I3 LRL3Njc c,C3NjC~,IIw N0 cR,CIIwY i@NG wRn
II 8Ra nN,RnNj$I3 NnL$3a R8 <aRnU L33jCN<c s3 @0. 8Ra II j@3 q,,CN3
0wc N0 0CNN3ac N0 8Ra $3CN< j@3 $3cj ,@R,RIj3 jcj3ac 3q3a6
B L <aj38nI jR j@3 +#b cwcj3L 0LCNCcjajRac 8Ra j@3Ca j3,@NC,I cnUA
URajY B j@NG DR@N /LL bǹa3Nc3N 8Ra $3CN< Iswc cR @3IU8nI sCj@ j@3 CcA
cn3c a3Ij30 jR j@3 \n3nCN< cwcj3L N0 Iswc a3cURN0CN< q3aw 8cjY bU3,CI
j@NGc <R3c jR FaCcjR{3a `U,GC 8Ra @Cc 3ujaRa0CNaw $CICjw jR 3N,Rna<3
N0 jR LRjCqj3 N0 @3IU sCj@CN Nw cU3,jc R8 sRaG N0 IC83. N0 8Ra @Cc
nN8Ra<3jj$I3 cjRaC3cY i@NGc IcR <R3c jR j@3 ~acj U3acRN B @q3 L3j 8aRL
+#b N0 Lw ~acj R|,3 Lj3. T3j3a r0 b,G3jjY i@NG wRn 8Ra c@aCN< wRna
UccCRN 8Ra UaR<aLLCN< N0 T3aI. 8Ra jancjCN< L3 N0 I3jjCN< j3,@ wRna
cjn03Njc. N0 8Ra @qCN< IRjc R8 VNRj RNIwW sRaG a3Ij30 jIGcY
i@3 +#b 0LCNCcjajCRN sc Iswc q3aw @3IU8nI 0naCN< II j@3c3 w3ac
N0 B L q3aw <aj38nI 8Ra j@jY bU3,CI j@NGc jR HRN3 #R3c3N. /Raj@3 FE¥acA
<a0. KaI3N3 #3,G N0 FaCN ba3c3IC 8Ra @3IUCN< L3 sCj@ II 8RaLICjC3c
N0 Ra<NCcjCRNI Cccn3cY i@NG wRn. HRN3. 8Ra $RRGCN< LNw jaCUc 8Ra L3Y
/naCN< Lw T@/ B @0  8NjcjC, RUURajnNCjw jR <R 8Ra N 3uj3aNI cjw
jR a<3NjCNY B L q3aw <aj38nI jR +aCcjCN KaCNR #ncIE3 8aRL 7nN0,CƽN
uC
BNcjCjnjR H3IRCa 8Ra  q3aw saL VIcR ICj3aIIwW s3I,RL3 jR @3a I$Y B IcR
sCc@ jR j@NG II j@3 U3RUI3 j@j B @q3 L3j j@3a3 s@R CNjaR0n,30 L3 jR
a<3NjCNCN ,nIjna3 N0 ,,RLUNC30 L3 j@aRn<@ j@3 U3aCR0 R8 0q3Njna3c
j@3a3Y i@3 LRL3Njc B cU3Nj CN a<3NjCN sCII cjw CN Lw L3LRaC3c 8Ra3q3aY
B L IcR <aj38nI jR b3$cjCN +aac,R TaR N0 KCaGR xCLC, 8aRL mNCA
q3acC00 T3anN +w3jNR ?3a30C 8Ra CNqCjCN< L3 jR <Cq3  sRaGc@RU N0
Ra<NCcCN< CjY Bj @c $33N N CNqIn$I3 3uU3aC3N,3 8Ra L3. $Rj@ j3,@CN< N0
3uUIRaCN< T3anY
#3cC03c sRaG. +#b Cc  <a3j UI,3 jR L33j q3aw NC,3 U3RUI3 jR @q3 
<a3j jCL3 sCj@ N0 $3,RL3 8aC3N0cY B sRnI0 ICG3 jR j@NG II j@3 U3RUI3
j@j B @0  UI3cna3 jR c@a3 R|,3 sCj@. 3cU3,CIIw #3Nj. H3RN N0KccCLR
sCj@ s@RL s3 @0  IRj R8 NC,3 LRL3Njc N0 CNj3a3cjCN< ,RNq3acjCRNcY B
L IcR <aj38nI 8Ra U3RUI3 8aRL Rna InN,@ ,In$- N0a3. NN3. +@aCcjCN.
D3Nc 7Y. D3Nc FY. K3jj3. N0 i@RLcY i@NG wRn 8Ra CNjaR0n,CN< L3 jR j@3
/NCc@ ,nCcCN3 N0 /NCc@ ,nIjna3 N0 8Ra II j@3 3Nj3ajCNCN< ,RNq3acjCRNc
j@j s3 Iswc @q3Y bU3,CI j@NGc <R3c jR NN3 8Ra 0q3NjnaRnc jCL3c CN
a<3NjCN N0 8Ra ,RNjaC$njCN< jR $aR03NCN< j@3 ,Ca,I3 R8Lw/NCc@ 8aC3N0cY
B sRnI0 ICG3 jR ,GNRsI30<3 N0a3 8Ra UaRR8Aa30CN< N0 ,RLL3NjCN<
RN Lw j@3cCcY i@NG wRn 8Ra wRna q3aw qIn$I3 ,Raa3,jCRNc N0 ,RLL3Njc
N0 8Ra c@RsCN< cR Ln,@ cnUURaj 0naCN< Lw Icj 0wc R8 saCjCN<Y
 $C< j@NG wRn <R3c jR Lw 8aC3N0c CN /3NLaG. 3cU3,CIIw QI. 0L.
QI3G N0 DRN. 8Ra j@3Ca cnUURaj N0 CNj3a3cj CNLw a3c3a,@ cs3II c 8Ra j@3
LRL3Njc s3 c@a3 jR<3j@3aY IcR jR Lw 8aC3N0c CN HCj@nNC 8Ra cjCII G33UCN<
CN jRn,@ N0 Iswc sCjCN< 8Ra L3 jR ,RL3 qCcCjY
7CNIIw. B sRnI0 ICG3 jR j@NG II Lw 8LCIw 8Ra $3IC3qCN< CN L3Y B L
<aj38nI jR Lw Ua3Njc 8Ra <CqCN< L3 N RUURajnNCjw jR a3,@ Lw <RIc N0
8Ra Iswc LRjCqjCN< L3Y Hcj $nj NRj I3cj. B L 033UIw <aj38nI jR Lw
$3IRq30 @nc$N0 pC0c 8Ra Iswc $3CN< 3uja3L3Iw cnUURajCq3 N0 @3IUCN<
jR G33U Lw URcCjCq3 cUCaCjY i@NG wRn 8Ra Iswc $3CN< j@3a3 8Ra L36
i@NG wRn II6
uCC
TU3ac CN,In030 CN j@Cc j@3cCc
Ë TU3a B-
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aRcC3N3. +Inc HnN03<a0. QI3 HnN0. N0 KRaj3N
MC3Ic3N
M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra j@3 LERa @CcjR,RLU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N0 KRaj3N MC3Ic3N
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cc BB Ua3A
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cc BB CcRA
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BNjaR0n,jCRN
KΞϟϱЁ @CcjR,RLUjC$CICjw ,RLUI3u VK?+W LRI3,nI3c UIw G3w aRI3 CN j@3 0UjCq3 CLLnN3 a3cURNc3c $w Ua3c3NjCN<U3UjC03c jR j@3 CLLnN3 cwcj3LY BN j@3 ,c3 R8 NRNAc3I8 RaCA
<CN. j@3c3 U3UjC03c a3 GNRsN c 3UCjRU3c N0 a3 j@3 URj3NjCI ,nc3
R8 N CLLnN3 a3cURNc3Y  Ia<3 Uaj R8 CLLnNRIR<C,I a3c3a,@ Cc
030C,j30 jR j@3 0Cc,Rq3aw R8 N3s 3UCjRU3c. sCj@ j@3 <RI jR 03q3IRU
N3s q,,CN3c N0 CLLnNRj@3aUC3cY /n3 jR j@3 j@RncN0c R8 K?+
qaCNjc j@j 3uCcj. Cj Cc  @C<@Iw I$Rna N0 ,Rcj CNj3NcCq3 UaR,30na3
jR U3a8RaL 0Ca3,j 3uU3aCL3NjI cjn0C3c R8 U3UjC03ĢK?+ CNj3a,jCRNcY
i@3a38Ra3. L3j@R0c Ua30C,jCN< U3UjC03 $CN0CN< jR K?+ ,j c a3A
cRna,3 cqCN< jRRIc CN 3UCjRU3 0Cc,Rq3awY
SYS i@3 0UjCq3 CLLnN3 cwcj3L
i@3 LCN aRI3 R8 j@3 CLLnN3 cwcj3L Cc jR UaRj3,j Ra<NCcLc 8aRL CNA
83,jCRnc 0Cc3c3c. Uj@R<3Nc. 8Ra3C<N <3Njc N0 jnLRna ,3IIcY i@Cc
Cc ,@C3q30 $w j@3 <3N3ajCRN R8 qaCRnc ,3IIc N0 LRI3,nI3c ,UA
$I3 R8 0C{3a3NjCjCN< c3I8 8aRL NRNAc3I8 ,RLURN3Njc N0 3ICLCNjCN<
j@3LY BN Es30 q3aj3$aj3c j@3 CLLnN3 cwcj3L ,RNcCcjc R8 jsR Uajc-
CNNj3 CLLnNCjw N0 0UjCq3 CLLnNCjw. s@C,@ sRaG CN ,RII$RaA
jCRN jR UaRj3,j j@3 $R0wY i@3 CNNj3 CLLnN3 cwcj3L ,jc c j@3 ~acj
ICN3 R8 0383N,3. UaRj3,jCN< j@3 Ra<NCcL 8aRL CNq0CN< Uj@R<3Nc CN 
aUC0 N0 NRNAcU3,C~, LNN3aY i@3 0UjCq3 CLLnN3 cwcj3L. RN j@3
Rj@3a @N0. Cc ,U$I3 R8 a3,R<NCyCN< 8Ra3C<N <3Njc CN  cU3,C~, LNA
N3a. 3ICLCNjCN< j@3L. N0 03q3IRUCN< N CLLnNRIR<C,I L3LRaw cR
j@j. C8 j@3 CLLnN3 cwcj3L 3N,RnNj3ac j@3 cL3 Uj@R<3N <CN. 
aUC0 N0 @C<@Iw 3{3,jCq3 a3cURNc3 sCII $3 jaC<<3a30Y
S
+@Uj3a SY BNjaR0n,jCRN
i@3 0UjCq3 CLLnN3 cwcj3L ,RLUaCc3c  Ia<3 NnL$3a R8 ,3IIc
N0 LRI3,nI3c j@j UajC,CUj3 CN j@3 UaR,3cc3c R8 NRNAc3I8 NjC<3N
a3,R<NCjCRN. Uj@R<3N 3ICLCNjCRN N0 03q3IRUL3Nj R8 CLLnNRIR<A
C,I L3LRawY i@3 jsR aLc R8 j@3 0UjCq3 CLLnN3 cwcj3L a3 j@3
@nLRaI CLLnN3 cwcj3L. sCj@ j@3 G3w ,3IIc $3CN< # IwLU@R,wj3c. N0
j@3 ,3IInIa CLLnN3 cwcj3L. s@3a3 i IwLU@R,wj3c UIw j@3 LCN aRI3Y
# IwLU@R,wj3c. Ra # ,3IIc. c3,a3j3 NjC$R0C3c j@j ,Ca,nIj3 CN $IRR0
UIcL N0 IwLU@. N0 a3 $I3 jR a3,R<NCc3 Uj@R<3NC, CNq03ac N0
N3njaICc3 j@3LY NRj@3a CLURajNj 8nN,jCRN R8 # ,3IIc Cc j@3Ca $CIA
Cjw jR 0C{3a3NjCj3 CNjR L3LRaw ,3IIc j@j @q3  IRN< IC83cUN N0
jaC<<3a  8cj CLLnN3 a3cURNc3 CN ,c3 R8 j@3 @Rcj 3N,RnNj3aCN< j@3
cL3 NjC<3N <CNY c RUURc30 jR # ,3IIc. i ,3IIc a3 NRj ,U$I3 R8
a3,R<NCcCN< 8a33 NjC<3Nc. N0 j@3Ca CNj3a,jCRNc sCj@K?+LRI3,nI3c
a3 a3\nCa30 8Ra j@3 ,jCqjCRN R8 j@3 CLLnN3 cwcj3LY i@3a3 a3 jsR
,Icc3c R8 K?+ LRI3,nI3c. K?+ ,Icc B N0 K?+ ,Icc BB. s@C,@ a3
ccR,Cj30 sCj@ 0C{3a3Nj <aRnUc R8 i ,3IIc )S. l*-
Ë +wjRjRuC, i IwLU@R,wj3c V+iHW a3,R<NCc3 U3UjC03c 8aRL j@3 CNA
j3a,3IInIa 3NqCaRNL3Nj Ua3c3Nj30 RNK?+ ,Icc B LRI3,nI3c 3uA
Ua3cc30 RN II Nn,I3j30 ,3IIcY +iHc a3 3{3,jRa ,3IIc sCj@ j@3
$CICjw jR a3,R<NCc3 N0 GCII CN83,j30 ,3IIcY +iHc a3 IcR GNRsN
c +/4+ ,3IIc 0n3 jR j@3 +/4 <Iw,RUaRj3CN a3,3UjRa j@3w 3uUa3cc
RN j@3 cna8,3 )k. l*Y
Ë i @3IU3a ,3IIc a3 IcR ,II30 +/:+ ,3IIc cCN,3 j@3w 3uUa3cc j@3
+/: a3,3UjRaY i@aRn<@ c3,a3jCRN R8 qaCRnc ,wjRGCN3c. i @3IU3a
,3IIc ,jCqj3 Rj@3a ,3IIc R8 j@3 CLLnN3 cwcj3L cn,@ c # ,3IIc.
+/4+ ,3IIc. L,aRU@<3c 3j,Y +/:+ ,3IIc a3,R<NCc3 NjC<3Nc
8aRL j@3 3uja,3IInIa 3NqCaRNL3Nj IR030 RN K?+ ,Icc BB
LRI3,nI3c 3uUa3cc30 $w cRA,II30 NjC<3N Ua3c3NjCN< ,3IIc VT+W
CN,In0CN< # ,3IIc. L,aRU@<3c N0 03N0aCjC, ,3IIc ):. l*Y
SYSYS KERa @CcjR,RLUjC$CICjw ,RLUI3u LRI3,nI3c
KERa @CcjR,RLUjC$CICjw ,RLUI3u LRI3,nI3c UIw  ,an,CI aRI3 CN j@3
,3IInIa CLLnN3 cwcj3L $w Ua3c3NjCN< Uj@R<3NA03aCq30 U3UjC03c RN
j@3 ,3II cna8,3 8Ra a3,R<NCjCRN $w i IwLU@R,wj3cY T3UjC03c Ua3c3Nj30
$wK?+ ,Icc B N0 ,Icc BB LRI3,nI3c RaC<CNj3 8aRL 0C{3a3Nj cRna,3c
qC 0C{3a3Nj NjC<3N Ua3c3NjjCRN Uj@swcY KRa3Rq3a. K?+ ,Icc B
N0 ,Icc BB LRI3,nI3c 0C{3a CN j@3Ca UaRj3CN cjan,jna3. I30CN< jR  0C8A
83a3Nj ,RN8RaLjCRN R8 j@3Ca $CN0CN< ,I38jY i@Cc c3,jCRN Ua3c3Njc K?+
,Icc B N0 ,Icc BB LRI3,nI3c 8aRL  cjan,jnaI N0 8nN,jCRNI URCNj R8
qC3sY
l
SYSY i@3 0UjCq3 CLLnN3 cwcj3L
SYSYl K?+ ,Icc B
T3UjC03c Ua3c3Nj30 $w K?+ ,Icc B LRI3,nI3c 03aCq3 8aRL ,wjRcRIC,
N0 Nn,I3a UaRj3CNc j@j @q3 $33N 03<a030 $w j@3 UaRj3cRL3Y
bn,@ U3UjC03c. ncnIIw ,RLURc30 R8 4ĢSS LCNR ,C0c. a3 jaNcA
URaj30 CNjR j@3 3N0RUIcLC, a3jC,nInL V2`W $w j@3 jaNcURaj3a ccR,CA
j30 sCj@ NjC<3N UaR,3ccCN< ViTWY i@3 2` Cc j@3 UI,3 s@3a3 K?+
LRI3,nI3c a3 cc3L$I30 N0 IR030sCj@ U3UjC03c j@j $w j@3Ca cjan,A
jna3 N0 $CRIR<C,I UaRU3ajC3c ~j CNjR j@3 $CN0CN< <aRRq3 R8 j@3 K?+
LRI3,nI3 )l. 9*Y T3UjC03 $CN0CN< jR K?+ Cc  q3aw c3I3,jCq3 UaR,3ccY Bj
@c $33N 3cjCLj30 j@j RNIw RN3 Rnj R8 lzz aN0RL NjnaI U3UjC03c
sRnI0 $CN0 jR  <Cq3NK?+,Icc BLRI3,nI3 )f*Y r@3N  U3UjC03 $CN0c
jR N K?+ ,Icc B LRI3,nI3. j@3 cj$I3 U3UjC03ĢK?+ ,RLUI3u. sCj@
j@3 @3IU R8 ,@U3aRN3c. Cc jaNcURaj30 jR j@3 ,3II cna8,3 j@aRn<@ j@3
;RI<C UUajnc V7C<na3 SYSW )l. 9*Y
K?+ ,Icc B LRI3,nI3c a3 L3L$aN3 <Iw,RUaRj3CNc ,RLURc30
R8  @3qw ,@CN VαW N0  βlALC,aR<IR$nICN VβlLW ,@CNY i@3 α
,@CN ,RNcCcjc R8 j@a33 0RLCNc- jaNcL3L$aN3 αk 0RLCN N0
L3L$aN3A0CcjI αS N0 αl 0RLCNc V7C<na3 SYlWY i@3 αS N0 αl 0RA
LCNc 8RaL j@3 $CN0CN< <aRRq3 )e. 4*Y 7Ra K?+ ,Icc B LRI3,nI3c. j@3
$CN0CN< <aRRq3 Cc ,IRc30 j $Rj@ 3N0c. a3cjaC,jCN< j@3 I3N<j@ R8 $CN0CN<
U3UjC03c jR 8II CN j@3 aN<3 R8 4ĢSS LCNR ,C0c V7C<na3 SYl$WY
BN @nLNc. K?+ LRI3,nI3c a3 ,II30 @nLN I3n,R,wj3 NjC<3N
V?HW cwcj3LY ?3qw K?+ ,Icc B ,@CNc a3 3N,R030 RN ,@aRA
LRcRL3 f $w j@a33 q3aw URIwLRaU@C, <3N3c- ?HA. ?HA#. N0
?HA+Y i@RncN0c R8 0C{3a3Nj II3IC, q3acCRNc R8 ?H 3uCcj )O* sCj@
j@3 LRcj URIwLRaU@C, a3cC0n3c IR,j30 sCj@CN j@3 $CN0CN< ,I38j. a3A
cnIjCN< CN  Ia<3 NnL$3a R8 URccC$I3 K?+ LRI3,nI3c sCj@ 0C{3a3Nj
$CN0CN< cU3,C~,CjC3c )l*Y bn,@  qcj URIwLRaU@CcL Cc  @n<3 0asA
$,G CN j@3 UaR,3cc R8 3UCjRU3 0Cc,Rq3aw N0 ,a3jCRN R8 N3s q,A
,CN3cY i@3a38Ra3. UNAcU3,C~, L3j@R0c ,U$I3 R8 <CqCN< Ua30C,jCRNc
3q3N 8Ra nN,@a,j3aCy30 K?+ LRI3,nI3c UIw  q3aw CLURajNj aRI3Y
bn,@ UNAcU3,C~, U3UjC03ĢK?+ $CN0CN< Ua30C,jCRN I<RaCj@Lc a3
Ua3c3Nj30 Ij3a CN j@Cc ,@Uj3a 8RIIRs30 $w j@3 03jCIc RN cU3,C~, jRRIc
<Cq3N CN +@Uj3a l N0 : R8 j@Cc j@3cCcY
SYSYk K?+ ,Icc BB
c RUURc30 jRK?+ ,Icc B. K?+ ,Icc BB LRI3,nI3c $CN0 U3UjC03c 03A
aCq30 8aRL UaRj3CNc jG3N nU 8aRL 3uja,3IInIa 3NqCaRNL3NjY K?+
,Icc BBLRI3,nI3c a3 CNCjCIIw cc3L$I30 CN j@3 3N0RUIcLC, a3jC,nInL
k
+@Uj3a SY BNjaR0n,jCRN
7C<na3 SYSY K?+ ,Icc B N0 ,Icc BB NjC<3N Ua3c3NjjCRN Uj@swcY WK?+
,Icc B Ua3c3Njc U3UjC03c 8aRL ,wjRcRIC, N0 Nn,I3a UaRj3CNc 03<a030 $w j@3
UaRj3cRL3Y i@3c3 U3UjC03c a3 jaNcURaj30 CNjR j@3 2` $w j@3 iT a3,3UjRa
s@3a3 j@3w a3 IR030 RN K?+ ,Icc B LRI3,nI3cY bj$I3 U3UjC03ĢK?+ ,RLA
UI3u3c a3 j@3N jaNcURaj30 jR j@3 ,3II cna8,3 j@aRn<@ j@3 ;RI<C cwcj3LY $W
K?+ ,Icc BB LRI3,nI3c $CN0 U3UjC03c 8aRL 3uR<3NRnc UaRj3CNc j@j a3 jG3N
nU CNjR j@3 ,3II $w 3N0R,wjRcCc Ra U@<R,wjRcCcY K?+ ,Icc BB LRI3,nI3c a3
cc3L$I30 sCj@CN j@3 2` N0 jaNcURaj30 j@aRn<@ j@3 ;RI<C cwcj3L jR KBB+Y
2q3NjnIIw 3N0RcRL3c ,RNjCNCN< 03<a030 UaRj3CNc 8nc3 sCj@ j@3 KBB+ ,RLA
UajL3Nj. s@3a3 U3UjC03c a3 IR030 RN K?+ ,Icc BB LRI3,nI3cY 7CNIIw.
U3UjC03ĢK?+ ,RLUI3u3c a3 jaNcURaj30 jR j@3 UIcL L3L$aN3 8Ra Ua3c3NA
jjCRN jR +/:+ ,3IIcY 7C<na3 cRna,3 )l*Y
N0 jaNcURaj30 j@aRn<@ j@3 ;RI<C Uajnc jR j@3 K?+ ,Icc BB ,RLA
UajL3Nj VKBB+WY TaRj3CNc jG3N nU $w j@3 UaR,3cc R8 3N0R,wjRcCc Ra
U@<R,wjRcCc a3 ,I3q30 $w UaRj3c3c N0 8RaL 3N0RcRL3c j@j 3q3NA
jnIIw 8nc3 sCj@ j@3 KBB+Y 7CNIIw. 8j3a IR0CN< j@3 U3UjC03c RN K?+
LRI3,nI3c sCj@CN KBB+. U3UjC03ĢK?+ ,RLUI3u3c a3 jaNcURaj30 jR
j@3 UIcLL3L$aN3 jR $3 Ua3c3Nj30 jR +/:+ i IwLU@R,wj3c V7C<na3
SYS$W )l. Sz*Y
bjan,jnaIIw. K?+ ,Icc BB LRI3,nI3c a3 q3aw 0C{3a3Nj 8aRLK?+
,Icc BY K?+ ,Icc BB LRI3,nI3c a3 @3j3aR0CL3ac ,RLURc30 R8 α
N0 β ,@CNc. $Rj@ @qCN< jaNcL3L$aN3 0RLCNc Vαl N0 βlW N0
L3L$aN3A0CcjI 0RLCNc VαS N0 βS. 7C<na3 SYl,W )SS. Sl*Y i@3 αl
N0 βl 0RLCNc ,RLURc3 j@3 U3UjC03 $CN0CN< UR,G3j s@C,@ Cc RU3N
j $Rj@ 3N0c N0 Cc $I3 jR ,,RLLR0j3 U3UjC03c R8 S9Ģlz a3cC0n3c.
Ra 3q3N s@RI3 UaRj3CNc V7C<na3 SYl0W )Sk. S:*Y
:
SYSY i@3 0UjCq3 CLLnN3 cwcj3L
7C<na3 SYlY TaRj3CN cjan,jna3c R8 K?+ ,Icc B N0 K?+ ,Icc BB LRI3,nI3cY
W K?+ ,Icc B cjan,jna3 R8 ?HA!zlzS sCj@ U3UjC03 HH7;vTpvp VT/# 3NA
jaw S/mx )S9*W c@RsCN< αS. αl. αk 0RLCNc VIC<@j $In3W. βlALC,aR<IR$nICN VβlLW
V<a33NW N0 j@3 U3UjC03 Va30WY $W #CN0CN< UR,G3j R8 j@3 cL3 U3UjC03ĢK?+ ,RLA
UI3u 03LRNcjajCN< j@3 ,IRc30 $CN0CN< <aRRq3 R8 K?+ ,Icc B LRI3,nI3cY ,W
bjan,jna3 R8 K?+ ,Icc BB LRI3,nI3 ?HA/`!zSzSA/`#S!zkzS sCj@ j@3 S9A
L3a U3UjC03 TpbFK`KiTHHK[ VT/# 3Njaw Sf )Sf*WY αS N0 αl 0RA
LCNc a3 c@RsN CN ,wN. βS N0 βl CN IC<@j $In3. N0 j@3 U3UjC03 Cc c@RsN CN
a30Y 0W iRU qC3s R8 j@3 cL3 K?+ ,Icc BB N0 U3UjC03 ,RLUI3u c@RsCN< j@j
j@3 $CN0CN< <aRRq3 Cc RU3N j $Rj@ 3N0c N0 j@j j@3 U3UjC03 3uj3N0c RnjcC03
R8 j@3 UR,G3jY i@3 ~<na3 sc L03 ncCN< j@3 TwKQH cR8jsa3 )Se*Y
BN @nLNc. K?+ ,Icc BB 3N,R0CN< <3N3c IcR IC3 sCj@CN ,@aRLRA
cRL3 fY i@a33 0C{3a3Nj IR,C 3N,R03 j@3 α N0 β ,@CNc- ?HA/`.
?HA/T. N0 ?HA/[Y BN j@3 ,c3 R8 ?HA/`. RNIw β ,@CN 3NA
,R0CN< IR,C V/`#W @q3 $33N 8RnN0 jR $3 URIwLRaU@C,. j@3a38Ra3
9
+@Uj3a SY BNjaR0n,jCRN
j@3 $CN0CN< cU3,C~,CjC3c R8 ?HA/` LRI3,nI3c a3 03j3aLCN30 $w
/`#. N0  cU3,C~, LRI3,nI3 ,N $3 03NRj30 $w N II3I3 NL3. 3Y<Y
?HA/`#S!zSzSY `3<a0CN< ?HA/T N0 ?HA/[. $Rj@ α N0 β
,@CNc 0CcUIw URIwLRaU@CcL N0  cU3,C~, LRI3,nI3 ,N $3 C03NjCA
~30 $w cU3,C8wCN< j@3 NL3c R8 j@3 II3I3c 3N,R0CN< $Rj@ ,@CNc. 3Y<Y
?HA/TS!zlzSA/T#S!z9zS )SS. Sz. S4*Y
SYl #CRCN8RaLjC,c L3j@R0c
i@Cc c3,jCRN Ua3c3Njc $CRCN8RaLjC,c jRRIc nc30 CN j@3 sRaG Ua3c3Nj30
CN j@Cc j@3cCc. CN,In0CN< cRL3 03jCIc $Rnj j@3 L,@CN3aw nN03aIwCN<
Rna Ua30C,jCRN L3j@R0c. c s3II c swc jR 3qInj3 N0 $3N,@LaG
j@3LY
SYlYS ajC~,CI N3naI N3jsRaGc
BN $CRIR<w. $CN0CN<LRjC8c R8 LCNR ,C0 Ra Nn,I3RjC03 c3\n3N,3c CN $CA
RIR<w ,N $3 Ua30C,j30 $w 0C{3a3Nj L3j@R0cY BN ,c3c s@3a3 $CN0CN<
cU3,C~,Cjw j RN3 URcCjCRN R8 j@3 LRjC8 Cc CN03U3N03Nj 8aRL j@3 Rj@3a
URcCjCRNc. cRA,II30 URcCjCRNAcU3,C~, c,RaCN< LjaC,3c VTbbKW ,N $3
nc30 )SO* Y bn,@ LjaCuA$c30 UUaR,@3c R8j3N ,j c  <RR0 ~acj UA
UaRuCLjCRN R8 j@3 a3,3UjRa $CN0CN<LRjC8Y ?Rs3q3a. 0n3 jR cjan,jnaI
,RNcjaCNjc. IC<N0 a3cC0n3c Lncj ,RLU3j3 8Ra j@3 cU,3 CN j@3 a3,3UA
jRa $CN0CN< UR,G3jY i@Cc Cc IcR j@3 ,c3 8Ra K?+ LRI3,nI3cY BN0330.
Cj sc 03LRNcjaj30 $w MC3Ic3N 3j IY j@j j@3a3 Cc  cC<NI R8 LnjnI
CN8RaLjCRN $3js33N j@3 c3q3N NRNAN,@Ra a3cC0n3 URcCjCRNc VS. k. :.
9. f. e. N0 4W R8 ?H LRI3,nI3c )lz*Y iR @N0I3 cn,@ LnjnI CN8RaA
LjCRN. @C<@3a Ra03a ,Raa3IjCRNc N330 jR $3 ,Ujna30. N0 j@Cc ,N $3
cRIq30 $w ajC~,CI N3naI N3jsRaGc VMMW sCj@ @C003N Iw3acY
ajC~,CI N3naI N3jsRaGc $3IRN< jR j@3 <aRnU R8 L,@CN3 I3aNA
CN< j3,@NC\n3c j@j j ~acj a3 jaCN30 jR ccR,Cj3 0C{3a3Nj Ujj3aNc
8aRL j@3 Ia<3 c3jc R8 0j. N0 a3 ,U$I3 R8 Ua30C,jCN< j@3 Rnj,RL3
R8  N3s 3uLUI3 8j3asa0cY bjan,jnaIIw. MMc a3 cCLCIa jR $CA
RIR<C,I N3naI N3jsRaGc sCj@CN j@3 $aCNY M3naI N3jsRaGc ,RNcCcj
R8  Ia<3 NnL$3a R8 CNj3a,RNN3,j30 N3naRNc CNn3N,CN< 3,@ Rj@3a
$w c3N0CN< CN8RaLjCRN qC cwNUc3cY i@3 LRcj cCLUI3. N0 LRcj
R8j3N nc30 CN $CRCN8RaLjC,c. Cc  cRA,II30 8330A8Rasa0 LnIjCIw3a
N3jsRaGY i@3 cjan,jna3 R8 j@3 8330A8Rasa0 N3jsRaG Cc cCLCIa jR j@3
cjan,jna3 03c,aC$30 $w `nL3I@aj 3j IY )lS*Y 7330A8Rasa0 LnIjCIw3a
N3jsRaGc s3a3 IcR nc30 8Ra 03q3IRUL3Nj R8 j@3 L3j@R0c Ua3c3Nj30
CN j@Cc sRaGY
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SYlY #CRCN8RaLjC,c L3j@R0c
 c,@3LjC, a3Ua3c3NjjCRN R8  8330A8Rasa0 N3naI N3jsRaG Cc
c@RsN CN 7C<na3 SYkY i@3 N3jsRaG ,RNcCcjc R8 N CNUnj Iw3a ,RLURc30
R8 ~q3 N3naRNc. RN3 @C003N Iw3a sCj@ 8Rna N3naRNc N0 N RnjUnj
Iw3asCj@  cCN<I3 N3naRNY i@3 CNUnj Iw3a ,RNjCNc CNUnj 0j CN cRL3
NnL3aC, 3N,R0CN< VUa3c3Nj30 Ij3a CN j@Cc ,@Uj3aWY N ajC~,CI N3naI
N3jsRaG Lw ,RNjCN LRa3 @C003N Iw3ac. N0 j@3 RnjUnj Iw3a Lw
,RNcCcj R8 LNw N3naRNcY 2,@ nNCj R8 j@3 N3jsRaG a3,3Cq3c cC<NIc qC
cwNUc3c sCj@ ccR,Cj30 s3C<@jc 8aRL j@3 N3naRNc R8 j@3 Ua3qCRnc
Iw3aY i@3c3 s3C<@jc a3 a3I NnL$3ac \nNjC8wCN< j@3 CNn3N,3 j@j
RN3 N3naRN @c RN j@3 Rj@3aY  jRjI CNn3N,3 a3,3Cq30 $w RN3 N3naRN
,N $3 ,I,nIj30 $w cnLLjCRN R8 II j@3 s3C<@j30 CNUnjcY BN Rna
3uLUI3. j@3 CNUnj a3,3Cq30 $w j@3 RnjUnj Iw3a N3naRN Oj sRnI0 $3
3uUa3cc30 c-
oj =∑
i
Hiwij VSYSW
N RnjUnj R8 3,@ N3naRN Cc j@3N ,I,nIj30 c  8nN,jCRN R8 Cjc
CNUnj ncCN<  NRNAICN3a jaNc83a 8nN,jCRN f (x) c 8RIIRsc-
Oj = f (oj) VSYlW
i@3LRcj ,RLLRNIw nc30 8nN,jCRN Cc  cC<LRC0 8nN,jCRN 3uUa3cc30
c-
f (x) =
1
1+ e−x
VSYkW
 N3naRN Cc ,jCqj30 N0 c3N0c CNUnj jR j@3 N3naRNc CN j@3 N3uj
I3q3I C8 Cjc RnjUnj qIn3 Cc $Rq3  ,3ajCN j@a3c@RI0Y
iaCNCN< R8 MMc
BN Ra03a 8Ra N ajC~,CI N3naI N3jsRaG jR <Cq3 Ua30C,jCRNc. Cj ~acj
N330c jR I3aN Ujj3aNc CN j@3 0j 8aRL  c3j R8 jaCNCN< 3uLUI3cY
i@3 jaCNCN< UaR,3cc R8 N MM ,Raa3cURN0c jR j@3 RUjCLCyjCRN R8
N3jsRaG UaL3j3ac j@j CN j@3 8330A8Rasa0 N3jsRaGc ,Raa3cURN0 jR
j@3 s3C<@jc $3js33N N3naRNcY /naCN< jaCNCN<. j@3 N3jsRaG a3,3Cq3c
ccR,Cj30 CNUnj N0 RnjUnj qIn3c 8aRL j@3 jaCNCN< c3jY BNCjCIIw. II
s3C<@jc a3 ccC<N30 jR aN0RL qIn3c N0 a3 nU0j30 ncCN< $,GA
UaRU<jCRN 0naCN<LnIjCUI3 Cj3ajCRNc jR LCNCLCy3 j@3 3aaRa $3js33N
j@3 RnjUnj Ua3c3Nj30 jR j@3 N3jsRaG c j@3 ja<3j N0 j@3 RnjUnj ,IA
,nIj30 $w j@3 N3jsRaGY #,GAUaRU<jCRN Cc ,RNq3NjCRNIIw CLUI3A
L3Nj30 ncCN< <a0C3Nj 03c,3Nj L3j@R0c )ll*Y
e
+@Uj3a SY BNjaR0n,jCRN
I1 I2 I3 I4 I5
H1 H2 H3 H4
O1
Hi
Oj
wij
Input layer
Hidden layer
Output layer
7C<na3 SYkY b,@3LjC, a3Ua3c3NjjCRN R8  8330A8Rasa0N3jsRaGsCj@ RN3 @C0A
03N Iw3aY i@3 nNCjc R8 3,@ Iw3a a3 ,RNN3,j30 jR II j@3 N3naRNc 8aRL j@3 N3uj
Iw3aY BN Rna 3uLUI3. @C003N Iw3a (i) Cc 8nIIw ,RNN3,j30 jR j@3 RnjUnj Iw3a (j)
$w j@3 s3C<j@c wijY
#CRIR<C,I c3\n3N,3 3N,R0CN<
i@3 Lj@3LjC,I LR03I $3@CN0 j@3 a,@Cj3,jna3 R8 N3naI N3jsRaGc
CLUIC3c j@j j@3 CNUnj jR j@3 N3jsRaG Lncj ,RL3 CN NnL3aC,I 8RaLjY
BN $CRIR<w. @Rs3q3a. s3 NRaLIIw @q3 c3\n3N,3c R8 U3UjC03c Ra UaRA
j3CNc j@j s3 sNj jR <Cq3 c N CNUnj jR j@3 N3naI N3jsRaGY iR IIRs
j@Cc. c3q3aI 3N,R0CN< c,@3L3c 8Ra ,RNq3ajCN< LCNR ,C0 c3\n3N,3c
jR NnL3aC,I cjaCN<c @q3 $33N 03q3IRU30Y isR R8 j@3 LRcj R8j3N nc30
c,@3L3c a3 cUac3 N0#HQbmK3N,R0CN<cY BN cUac3 3N,R0CN<. 3,@
LCNR ,C0 Cc a3Ua3c3Nj30 c  lzA$Cj q3,jRa ,RLURc30 R8 SO y3aRc. N0
RN3 URcCjCRN. s@Rc3 CN03u 3N,R03c j@3 LCNR ,C0. Cc c3j jR ^S^Y 7Ra
3uLUI3. INCN3 c j@3 ~acj LCNR ,C0 CN j@3 IU@$3j sRnI0 $3 a3UA
a3c3Nj30 c SzzzzzzzzzzzzzzzzzzzY
c RUURc30 jR cUac3 3N,R0CN<. j@3 #HQbmK 3N,R0CN< c,@3L3
Cc $c30 RN $CRIR<C,I UaRU3ajC3c R8 LCNR ,C0c N0 jG3c j@3Ca cCLA
CIaCjC3c CNjR ,,RnNj )lk*Y i@3 3N,R0CN< Cc $c30 RN  lz×lz cn$cjCA
jnjCRN LjaCu N0 j@3 CNj3ac3,jCRN $3js33N jsR LCNR ,C0c Cc ccR,CA
j30 sCj@  cn$cjCjnjCRN qIn3 $c30 RN j@3Ca cCLCIaCjw )lz*Y i@3 LRcj
,RLLRNIw nc30 VN0 j@3 RN3 nc30 CN j@3 sRaG Ua3c3Nj30 @3a3W Cc j@3
#HQbmK9z LjaCuY
SYlYl TNAcU3,C~, Ua30C,jCRN L3j@R0c
Ta30C,jCRN L3j@R0c 8Ra U3UjC03ĢK?+ $CN0CN< ,N $3 0CqC030 CNjR
jsR LCN <aRnUc- II3I3AcU3,C~, N0 UNAcU3,C~, L3j@R0cY II3I3A
4
SYlY #CRCN8RaLjC,c L3j@R0c
cU3,C~, Ua30C,jRac a3 jaCN30 ncCN< RNIw U3UjC03 c3\n3N,3c N0 j@3Ca
$CN0CN< |NCjC3c jR RN3 cU3,C~, K?+ LRI3,nI3Y i@3a38Ra3. j@3c3
L3j@R0c a3 $I3 jR <Cq3 Ua30C,jCRNc RNIw jR j@3 LRI3,nI3c j@j @q3
$33N Uaj R8 j@3 jaCNCN< c3jY QN j@3 ,RNjaaw. UNAcU3,C~, L3j@A
R0c @q3  URs3a jR 3ujaURIj3 8aRL GNRsN K?+ LRI3,nI3c jR j@3
RN3c sCj@ ICLCj30 Ra NR 3uU3aCL3NjI U3UjC03 $CN0CN< 0jY i@Cc Cc
,@C3q30 $w CN,In0CN< CN8RaLjCRN $RnjK?+LRI3,nI3c CN j@3 jaCNA
CN< UaR,30na3Y
7Ra j@3 UNAcU3,C~, L3j@R0c Ua3c3Nj30 CN j@Cc j@3cCc. K?+ ,Icc B
N0 ,Icc BBLRI3,nI3c a3 a3Ua3c3Nj30 $w  cRA,II30 Uc3n0R c3\n3N,3Y
Tc3n0R c3\n3N,3 ,RNcCcjc R8 a3cC0n3c 8aRL j@3 U3UjC03 $CN0CN< <aRRq3
R8 j@3 LRI3,nI3 j@j a3 CN URj3NjCI ,RNj,j sCj@ j@3 U3UjC03Y i@3c3
a3cC0n3c a3 sCj@CN :Yz ¶ R8 j@3 U3UjC03 CN RN3 Ra LRa3 K?+ ,Icc
B Ra ,Icc BB cjan,jna3c qCI$I3 CN j@3 TaRj3CN /j #NG VT/#WY BN
00CjCRN. RNIw j@3 CLURajNj a3cC0n3c j@j a3 URIwLRaU@C, ,aRcc c3A
\n3N,30K?+LRI3,nI3c a3 CN,In030 CN j@3 Uc3n0R c3\n3N,3Y 7C<na3
SY: c@Rsc Uc3n0R c3\n3N,3 CN j@3 cjan,jna3 R8 ?HA!zlzSY
7C<na3 SY:Y K?+ Uc3n0R c3\n3N,3 a3Ua3c3NjjCRNY `3cC0n3c ,RLUaCcCN<
Uc3n0R c3\n3N,3 a3 @C<@IC<@j30 CN $In3 CN j@3 cjan,jna3 R8 j@3 ?HA!zlzS
LRI3,nI3 VT/# 3Njaw S/mx )S9*WY
Tc3n0R c3\n3N,3 a3Ua3c3NjCN<K?+LRI3,nI3c Cc 3N,R030 N0 830
jR j@3 N3naI N3jsRaG jR<3j@3a sCj@ j@3 U3UjC03c N0 j@3Ca ccR,Cj30
O
+@Uj3a SY BNjaR0n,jCRN
$CN0CN< |NCjwY #CN0CN< |NCjC3c a3 IcR jaNc8RaL30 jR $3 cnCj$I3
8Ra j@3 MM jaCNCN< $w LGCN< j@3L 8II $3js33N z N0 S ncCN< j@3
a3IjCRN- S−IR<VB+9zNKWgIR<V9z.zzzWY N 3uLUI3 CNUnj 8Ra jaCNCN<
R8  UNAcU3,C~, L3j@R0 Cc <Cq3N CN i$I3 SYSY
i$I3 SYSY 2uLUI3 CNUnj. $38Ra3 3N,R0CN<. 8Ra UNAcU3,C~, Ua30C,jCRNL3j@R0c
Ua3c3Nj30 CN j@Cc j@3cCcY K?+LRI3,nI3c a3 a3Ua3c3Nj30 $w Uc3n0R c3\n3N,3cY
#CN0CN< |NCjC3c a3 IR<AjaNc8RaL30 jR 8II $3js33N z N0 SY
T3UjC03 Tc3n0R c3\n3N,3 HR<A|NCjw
27r/p7Hb v7Kv;2Fp?i?p/iHvp`v?vvirpHvirv zYz4:e
/Tp/pBM vvKv;2Fp?i?p/iHvp`v?vvirpHvirv zYl4Oz
B`??p`rH v?i2v`MB+Fi/p;MHvrivM7virpHv2r? zY:k9z
vB``MKBMF vvKv`MMp[i/p/iHvBKv`/virprvirv zY9lff
F;[vpiBr v/b;v`2Fv`[/pMFHvHrv/bvir2rvirv zYk:kf
vippTHpb viKvH[Mp[i/MiHvBKv`/virpHvirv zYzzS:
SYlYk +aRccAqIC0jCRN
BN Ra03a jR cc3cc j@3 Ua30C,jCq3 U3a8RaLN,3 R8 j@3 N3naI N3jA
sRaGc. s3 @q3 jR 3qInj3 @Rs s3II j@3 L3j@R0 <3N3aICc3c jR N
CN03U3N03Nj 0j c3jY i@Cc Cc 0RN3 $w jaCNCN< j@3 MMc ncCN<
,aRccAqIC0jCRN. s@3a3  8nII 0j c3j Cc 0CqC030 CNjR  NnL$3a VnW
R8 cn$c3jcY i@3 jaCNCN< UaR,30na3 Cc a3U3j30 n jCL3c sCj@ j@3 MMc
$3CN< jaCN30 RN n− 1 cn$c3jcY 2,@ jCL3 j@3 a3LCNCN< cn$c3j Cc nc30
c  j3cj c3j jR R$jCN Ua30C,jCRNcY j j@3 3N0. j@3 a3cnIjc a3 ,RL$CN30
N0  U3a8RaLN,3 c,Ra3 Cc ,I,nIj30Y BN j@3 sRaG Ua3c3Nj30 @3a3 s3
nc30 9A8RI0 ,aRccAqIC0jCRN c 03UC,j30 CN 7C<na3 SY9Y i@3 N3jsRaGc
a3 ncCN< :g9 R8 j@3 0j 8Ra jaCNCN< N0 Sg9 jR j3cj j@3 U3a8RaLN,3Y
i@3 UaR,30na3 Cc a3U3j30 ~q3 jCL3c cR j@j 3,@ cn$c3j Cc nc30 c 
j3cj c3j RN,3Y
M3cj30 ,aRccAqIC0jCRN
i@3 $Rq3 L3NjCRN30 ,aRccAqIC0jCRN UaR,30na3 Cc q3aw ,RLLRNIw
nc30 sCj@ L,@CN3 I3aNCN< j3,@NC\n3cY ?Rs3q3a. CN cRL3 ,c3c.
CN 00CjCRN jR 3qInjCRN R8 j@3 Ua30C,jCq3 U3a8RaLN,3. j@3 j3cj c3j
Cc nc30 jR cjRU j@3 jaCNCN< CN Ra03a jR qRC0 Rq3a~jjCN<Y i@3 cjRUA
UCN< UaR,30na3 ,N $3 q3aw CLURajNj s@3N jaCNCN< N3naI N3jsRaGc
CN Ra03a jR 3Ncna3 j@3Ca <3N3aICc$CICjwY c 03UC,j30 CN 7C<na3 SYf.
j@3 Ua30C,jCRN 3aaRa RN j@3 jaCNCN< c3j ,RNjCNnRncIw 03,a3c3c 0naA
CN< jaCNCN<. s@CI3 j@3 3aaRa RN j@3 j3cj c3j a3,@3c  LCNCLnL N0
Sz
SYlY #CRCN8RaLjC,c L3j@R0c
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7C<na3 SY9Y b,@3LjC, a3Ua3c3NjjCRN R8  9A8RI0 ,aRccAqIC0jCRN c3jnUY BN
3,@ aRnN0. RN3 cn$c3j R8 j@3 0j Cc nc30 c  j3cj c3j VRaN<3W s@CI3 j@3 Rj@3a
:g9 R8 j@3 0j c3j V$In3W a3 nc30 jR jaCN j@3 N3naI N3jsRaGY i@3 UaR,30na3 Cc
a3U3j30 ~q3 jCL3c. <CqCN< j@3 aRI3 R8  j3cj c3j jR  0C{3a3Nj cn$c3j RN,3Y
cjajc jR CN,a3c3Y i@Cc L3Nc j@j j@3 N3jsRaG $3,L3 jRR cU3,C~, jR
j@3 jaCNCN< c3j N0 Cc $I3 jR I3aN Cj $3jj3a N0 $3jj3aY j j@3 cL3
jCL3. j@3 N3jsRaG Cc IRRcCN< Cjc $CICjw jR <3N3aICy3 RN j@3 j3cj c3j.
s@C,@ L3Nc j@j j@3 N3jsRaG c@Rsc Rq3a~jjCN<Y i@3a38Ra3. j@3 j3cj
c3j ,N $3 nc30 jR j3aLCNj3 jaCNCN<s@3N j@3 Ua30C,jCRN 3aaRa a3,@3c
j@3 LCNCLnLY ?Rs3q3a. ncCN< ,aRccAqIC0jCRN jaCNCN< CN j@Cc c3jnU.
j@3a3 Cc  URj3NjCI jR Rq3a3cjCLj3 j@3 Ua30C,jCq3 U3a8RaLN,3 0n3 jR
j@3 8,j j@j j@3 j3cj c3j Cc nc30 $Rj@ jR cjRU j@3 jaCNCN< N0 jR 3qInA
j3 j@3 Ua30C,jCq3 U3a8RaLN,3 R8 j@3 N3jsRaGY iR qRC0 j@j.  N3cj30
,aRccAqIC0jCRN UaR,30na3 c@RnI0 $3 3LUIRw30 c c@Rs30 CN 7C<na3
SYeY BN 9A8RI0 N3cj30 ,aRcc qIC0jCRN. j@3 0j Cc cUICj CNjR ~q3 cn$A
c3jc N0 CN 3,@ aRnN0 RN3 cn$c3j nc30 c 3qInjCRN c3j Cc ,RLUI3j3Iw
jG3N Rnj 8aRL j@3 jaCNCN< 0jY QN j@3 a3LCNCN< 0j c3j. :A8RI0
,aRccAqIC0jCRN Cc j@3N U3a8RaL30 c Ua3c3Nj30 Ua3qCRncIwY r@3N j@3
RUjCLI UaL3j3ac @q3 $33N 8RnN0 $w j@3 :A8RI0 ,aRcc qIC0jCRN. j@3
3qInjCRN c3j Cc nc30 jR <3j Ua30C,jCRNc ncCN< N q3a<3 R8 j@3 8Rna
N3jsRaGc 8aRL j@3 ,aRccAqIC0jCRNY i@3 UaR,30na3 Cc a3U3j30 ~q3
jCL3c. 3,@ jnaN ,@N<CN< j@3 3qInjCRN c3jY
SYlY: T3a8RaLN,3 L3cna3c
BN Ra03a jR 3qInj3 j@3 Ua30C,jCq3 URs3a R8  Ua30C,jCRN L3j@R0. 0C8A
83a3Nj U3a8RaLN,3 L3cna3c ,N $3 nc30. 03U3N0CN< RN s@3j@3a j@3
Rnj,RL3 R8  Ua30C,jCRN L3j@R0 Cc \nNjCjjCq3 V3Y<Y <CqCN< a3I $CN0A
CN< |NCjw qIn3cW Ra \nICjjCq3 V3Y<Y ,IccC8wCN< $CN03ac N0 NRNA
$CN03acWY i@3 jsR L3cna3c LCNIw nc30 CN j@3 sRaG Ua3c3Nj30 @3a3
SS
+@Uj3a SY BNjaR0n,jCRN
7C<na3 SYfY iaCNCN< R8  N3naI N3jsRaG sCj@ Rq3a~jjCN<Y iaCNCN< c3j N0
j3cj c3j 3aaRa Cc c@RsN c  8nN,jCRN R8 jaCNCN< ,w,I3c V3UR,@cWY 8j3a a3,@CN<
j@3 LCNCLnL. j@3 j3cj c3j 3aaRa CN,a3c3c s@CI3 j@3 jaCNCN< c3j 3aaRa cj30CIw
03,a3c3cY
a3 T3acRN_c ,Raa3IjCRN ,R3|,C3Nj VT++W )l:* N0 a3 nN03a a3,3Cq3a
RU3ajCN< ,@a,j3aCcjC, ,naq3 Vm+W )l9*Y
T3acRN_c ,Raa3IjCRN ,R3|,C3Nj
T3acRN_c ,Raa3IjCRN ,R3|,C3Nj Cc  sC03Iw nc30 L3cna3 8Ra 3qInjA
CN< \nNjCjjCq3 Ua30C,jCRN L3j@R0cY Bj Cc  ICN3a ,Raa3IjCRN ,R3|A
,C3Nj ,I,nIj30 c
PCC = ∑i
(ai − a)(pi − p)√
∑i(ai − a)2
√
(∑i(pi − p)2
VSY:W
s@3a3 a Cc  L3cna30 qIn3. p Cc  ,Raa3cURN0CN< Ua30C,j30 qIn3.
N0 a N0 p 03NRj3 j@3 L3N qIn3c R8 a N0 p. a3cU3,jCq3IwY i@3 qIA
n3c R8 T++ qaw $3js33N−S N0 S. sCj@ S CN0C,jCN<  U3a83,j URcCjCq3
,Raa3IjCRN. −S c@RsCN<  ,RLUI3j3 N3<jCq3 ,Raa3IjCRN. N0  qIn3
R8 0 ,Raa3cURN0CN< jR  aN0RL Ua30C,jCRNY
`3,3Cq3a RU3ajCN< ,@a,j3aCcjC, ,naq3 N0 m+
7Ra  Ua30C,jCRN L3j@R0 j@j ,IccC~3c j@3 RnjUnj CNjR URcCjCq3c N0
N3<jCq3c. RN3 ,N LG3  ,RNjCN<3N,w j$I3 )l9* s@C,@ CN L,@CN3
Sl
SYlY #CRCN8RaLjC,c L3j@R0c
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7C<na3 SYeY M3cj30 ,aRccAqIC0jCRNY BN 3,@ aRnN0. 1/5 R8 j@3 0j Cc nc30 c
3qInjCRN c3j V<a33NW N0 Cc NRj CN,In030 CN j@3 jaCNCN< UaR,3ccY i@3 a3cj R8 j@3
0j V$In3W Cc nc30 8Ra :A8RI0 CNN3a ,aRccAqIC0jCRN jR <3j RUjCLI UaL3j3ac
R8 j@3 N3jsRaGY i@3 8Rna RUjCLI N3jsRaGc 8aRL 3,@ CNN3a ,aRccAqIC0jCRN
aRnN0 a3 q3a<30 N0 nc30 jR Ua30C,j j@3 Rnj,RL3 R8 j@3 3qInjCRN c3jY
I3aNCN< Cc R8j3N ,II30  ,RN8ncCRN LjaCu V7C<na3 SY4WY #c30 RN j@3
<a33L3Nj $3js33N N RnjUnj UaR0n,30 $w  Ua30C,jCRN L3j@R0 N0
 ja<3j qIn3. j@3 a3cnIjc a3 0CqC030 CNjR 8Rna <aRnUc- jan3 URcCjCq3c
ViTW V,jnI URcCjCq3c Ua30C,j30 c URcCjCq3cW. jan3 N3<jCq3c ViMW V,A
jnI N3<jCq3c Ua30C,j30 c N3<jCq3cW. 8Ic3 URcCjCq3c V7TW V,jnI N3<A
jCq3c Ua30C,j30 c URcCjCq3cW. N0 8Ic3 N3<jCq3c V7MW V,jnI URcCA
jCq3c Ua30C,j30 c N3<jCq3cWY
7aRL  ,RN8ncCRN LjaCu. j@3 c3NcCjCqCjw R8  L3j@R0 ,N $3 ,IA
,nIj30 c j@3 8a,jCRN R8 ,jnI URcCjCq3c VTW j@j a3 ,Raa3,jIw Ua3A
0C,j30 ViTW- b3NcCjCqCjw = TPAP Y NRj@3a nc38nI L3cna3 Cc cU3,C~,Cjw
s@C,@ Cc ,I,nIj30 c j@3 8a,jCRN R8 ,jnI N3<jCq3c VMW j@j a3
,Raa3,jIw Ua30C,j30 ViMW- bU3,C~,Cjw = TNAN Y
7Ra \nNjCjjCq3 0j. cn,@ c U3UjC03ĢK?+ $CN0CN< |NCjC3c.
c3NcCjCqCjw N0 cU3,C~,Cjw ,N $3 nc30 jR R$jCN  cRA,II30 a3,3Cq3a RUA
3ajCN< ,@a,j3aCcjC, V`Q+W ,naq3Y +IccC8wCN< j@3 0j CNjR $CN03ac
N0 NRNA$CN03ac. j@3 ,naq3 Cc L03 $w UIRjjCN< 8Ra 0C{3a3Nj Ua30C,A
jCRN j@a3c@RI0 qIn3c j@3 c3NcCjCqCjw <CNcj V1− cU3,C~,CjwWY 7Ra j@3
,jnI qIn3c  j@a3c@RI0 @c jR cjw ~u30 0CqC0CN< II j@3 0j CNjR
$CN03ac N0 NRNA$CN03acY BN j@3 ,c3 R8 K?+ $CN0CN<. U3UjC03c sCj@
Sk
+@Uj3a SY BNjaR0n,jCRN
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7C<na3 SY4Y +RN8ncCRN LjaCu 8Ra ,IccC~,jCRN UaR$I3LcY i@3 RnjUnj R8 j@3
Ua30C,jRa Cc ,RLUa30 jR j@3 ja<3j qIn3c. j@nc 0CqC0CN< Ua30C,jCRN a3cnIjc CNjR
8Rna <aRnUc- jan3 URcCjCq3c ViTW. jan3 N3<jCq3c ViMW. 8Ic3 URcCjCq3c V7TW. N0
8Ic3 N3<jCq3c V7MWY
N |NCjw cjaRN<3a j@N 9zz NK a3 ,RNq3NjCRNIIw ,RNcC03a30 $CN0
K?+ LRI3,nI3c )lf*Y c cjj30 $Rq3. m+ a383ac jR j@3 a3 nN03a
j@3 `Q+ ,naq3 N0 Cc nc30 c L3cna3 R8 j@3 Ua30C,jCq3 U3a8RaLN,3
R8  L3j@R0Y N m+ qIn3 ,IRc3 jR S CN0C,j3c  U3a83,j Ua30C,jCq3
U3a8RaLN,3 N0  @C<@ URcCjCq3 ,Raa3IjCRN $3js33N ,jnI N0 Ua3A
0C,j30 qIn3cY  qIn3 R8 z ,Raa3cURN0c jR  N3<jCq3 ,Raa3IjCRN. N0
N m+ R8 zY9 ,Raa3cURN0c jR  aN0RL Ua30C,jCRNY
SYlY9 2qInjCRN cjaj3<C3c
i@3 U3a8RaLN,3 R8 U3UjC03ĢK?+ Ua30C,jCRN L3j@R0c Cc NRaLIIw
3qInj30 $w ,I,nIjCN< U3a8RaLN,3 L3cna3c 8Ra 3,@ \n3aw K?+
LRI3,nI3Y 7Ra UNAcU3,C~, L3j@R0c. CN Ra03a jR 3qInj3 @Rs s3II 
L3j@R0 U3a8RaLc RN j@3LRI3,nI3c j@j a3 NRj Uaj R8 j@3 jaCNCN< c3j.
 I3q3ARN3ARnj UUaR,@ VHQQW Cc nc30Y BN j@Cc ,c3. II j@3 $CN0CN<
0j ccR,Cj30sCj@ LRI3,nI3 CN \n3cjCRN Cc 3u,In030 8aRL j@3 jaCNA
CN< c3j s@C,@ Cc nc30 jR jaCN j@3 L3j@R0Y 8j3a j@3 jaCNCN< UaR,3cc.
j@3 Ua30C,jCq3 U3a8RaLN,3 R8 j@3 L3j@R0 8Ra j@3 \n3aw II3I3 Cc 3qIA
nj30 ncCN< j@3 3u,In030 0jY i@3 \n3aw LRI3,nI3 Cc j@3N ,@N<30
jR NRj@3a RN3 N0 j@3 UaR,30na3 Cc a3U3j30 c LNw jCL3c c j@3a3
a3 LRI3,nI3c CN j@3 0j c3jY
7Ra j@3 0j c3jc nc30 CN j@Cc sRaG.  Ia<3 NnL$3a R8 U3UjC03c
@q3 $33N L3cna30 8Ra j@3Ca $CN0CN< jR LnIjCUI3 K?+ LRI3,nI3cY
S:
SYlY #CRCN8RaLjC,c L3j@R0c
+RLLRNIw j@3c3 U3UjC03c c@a3 q3aw cCLCIa $CN0CN< |NCjC3c jR c3qA
3aI II3I3c. c Ua3c3Nj30 CN j@3 3uLUI3 CN i$I3 SYl 8Ra j@3 U3UjC03
i+HpY b3q3aI K?+ LRI3,nI3c @qCN< cCLCIa Uc3n0R c3A
\n3N,3c N0 ,IRc3 $CN0CN< |NCjC3c jR j@3 cL3 U3UjC03. UaRqC03 N
0qNj<3 8Ra N ajC~,CI N3naI N3jsRaG jR I3aN j@3Ca $CN0CN< cU3,CA
~,CjC3cY /n3 jR j@Cc ,@a,j3aCcjC,. j@3 HQQ 3qInjCRN UUaR,@ Lncj
CN cn,@ ,c3c $3 0Encj30 CN Ra03a jR 3Ncna3 nN$Cc30 3qInjCRN R8 j@3
Ua30C,jCq3 U3a8RaLN,3 R8 j@3L3j@R0Y i@Cc Cc ,@C3q30 $w NRj RNIw a3A
LRqCN< j@3 $CN0CN< 0j 8Ra j@3 II3I3 CN \n3cjCRN. $nj IcR a3LRqCN<
,RLLRN U3UjC03c $3js33N 3qInjCRN N0 jaCNCN< c3jcY ?Rs3q3a. ncA
CN< j@Cc cjaC,j HQQ c3jnU LC<@j I30 jR  cC<NC~,Nj a30n,jCRN R8 j@3
jaCNCN< c3j. I3qCN< j@3 L3j@R0sCj@ jRR 83s 0j URCNjc jR I3aN <3NA
3aI 83jna3cY BN Ra03a jR qRC0 j@Cc. RNIw Sgk R8 j@3 ,RLLRN U3UjC03c
a3 a3LRq30 8aRL j@3 jaCNCN< c3j j RN,3Y bn,@  jaCNCN< N0 3qIA
njCRN UaR,30na3 Cc c,@3LjC,IIw 03UC,j30 CN 7C<na3 SYOY 7CacjIw. N
3qInjCRN c3j ,RLURc30 R8 0j 8Ra RN3 LRI3,nI3 Cc cUICj CNjR j@a33
cn$c3jc- 2S. 2l. 2kY i@3N. s3 a3LRq3 U3UjC03c ,RLLRN $3js33N 
jaCNCN< c3j N0 3,@ R8 j@3 3qInjCRN cn$c3jc. a3cnIjCN< CN j@a33 a3A
0n,30 jaCNCN< c3jc ViS. il. ikWY r3 NRj3 j@j @3a3. j@3 0j 8Ra  \n3aw
LRI3,nI3 Cc Ia30w a3LRq30 8aRL j@3 CNCjCI jaCNCN< c3jY 2,@ a3A
0n,30 jaCNCN< c3j Cc nc30 jR jaCN ajC~,CI N3naI N3jsRaGc CN  9A8RI0
,aRccAqIC0jCRN LNN3aY c  a3cnIj. s3 R$jCN j@a33 jaCN30 MMc-
MMS. MMl N0 MMkY 2,@ N3jsRaG Cc j@3N nc30 jR Ua30C,j j@3
RnjUnj R8 Cjc ,Raa3cURN0CN< 3qInjCRN cn$c3jY 7CNIIw. II j@3 Ua30C,A
jCRNc a3 ,RL$CN30 jR cc3cc j@3 Ua30C,jCq3 U3a8RaLN,3 VCN j3aLc R8
T++ Ra m+W R8 j@3 L3j@R0 8Ra j@3 \n3aw LRI3,nI3Y
i$I3 SYlY #CN0CN< |NCjC3c R8 U3UjC03 i+Hp L3cna30 jR c3q3aI
K?+ ,Icc B LRI3,nI3cY #CN0CN< |NCjC3c a3 IR<AjaNc8RaL30. c 3uUICN30
CN c3,jCRN SYlYlY
KRI3,nI3 NL3 Tc3n0R c3\n3N,3 HR<A|NCjw
?HA!zlzl v7Kv;2Fp?i?p/iHvH`v?vvirprvirv zYe9SO
?HA!zlzk v7Kv;2Fp?i?p/iHvp`v?vvir2rvirv zYeOf:
?HA!zlzS v7Kv;2Fp?i?p/iHvp`v?vvirpHvirv zYf9f4
?HA!zlzf vvKv;2Fp?i?p/iHvp`v?vvirpHvirv zYeffe
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7C<na3 SYOY b,@3LjC, a3Ua3c3NjjCRN R8 j@3 HQQ jaCNCN< N0 3qInjCRN
cjaj3<w nc30 CN j@Cc sRaGY 2qInjCRN c3j ,Raa3cURN0c jR j@3 0j R8  \n3aw
LRI3,nI3 V$In3W s@C,@ Cc Ia30w 3u,In030 8aRL j@3 jaCNCN< c3j Va30WY i@a33
a30n,30 jaCNCN< c3jc ViS. il. ikW a3 R$jCN30 $w a3LRqCN< ,RLLRN U3UjC03c
$3js33N j@3 jaCNCN< c3j N0 j@a33 ,Raa3cURN0CN< 3qInjCRN cn$c3jc- 2S. 2l. 2kY
mcCN< 9A8RI0 ,aRccAqIC0jCRN. 3,@ a30n,30 jaCNCN< c3j UaR0n,3c N MMsCj@
RUjCLCy30 UaL3j3ac- MMS. MMl N0 MMkY 2,@ N3jsRaG Cc 3qInj30
ncCN< j@3 ,Raa3cURN0CN< 3qInjCRN cn$c3j. N0 j@3 Ua30C,jCq3 U3a8RaLN,3 Cc
R$jCN30 $w ,RL$CNCN< II Ua30C,jCRNcY
Sf
Chapter2
M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra
K?+ ,Icc B Ua30C,jCRNc
iϑζUI3j@Ra R8K?+ ,Icc B Ua30C,jCRNL3j@R0c R8  @C<@ Ua30C,AjCRN ,,na,w 03q3IRU30 jR 0j3 CNjaR0n,3c 0C|,nIjC3c 8Ra CLALnNRIR<Ccjc jR ,@RRc3 j@3 LRcj cnCj$I3 Ua30C,jRa 8Ra j@3Ca a3A
c3a,@ <RIcY b3q3aI cjj3AR8Aj@3Aaj L3j@R0c @q3 $33N 03q3IRU30 CN
Rna <aRnU sCj@CN j@3 a3,3Nj w3ac. N0 II R8 j@3L 0C{3a CN j@3Ca ,,nA
a,w 03U3N0CN< RN j@3 ,RN0CjCRNc 03~NCN< j@3 \n3aw K?+LRI3,nI3Y
i@Cc ,@Uj3a 00a3cc3c j@3 Cccn3 R8 ,RN8ncCRN LRN< j@3 Ia<3 NnL$3a
R8 Ua30C,jCRN jRRIc qCI$I3 8Ra K?+ ,Icc B N0 Ua3c3Njc  ,RNc3Ncnc
L3j@R0M3jK?+,RNc ,RL$CNCN< j@a33 cjj3AR8Aj@3Aaj L3j@R0c 03q3IA
RU30 $w Rna <aRnUY
lYS II3I3AcU3,C~, N0 UNAcU3,C~, L3j@R0c
c Ua3c3Nj30 CN c3,jCRN SYlYl. j@3LCN 0CqCcCRN $3js33NK?+Ua30C,A
jCRN jRRIc Cc $c30 RN s@3j@3a j@3 L3j@R0 Cc $I3 jR 3ujaURIj3 8aRL
K?+LRI3,nI3c sCj@ 03~N30 $CN0CN< cU3,C~,CjC3c jR s@Rc3 sCj@ nNA
,@a,j3aCy30 $CN0CN<Y c CN0C,j30 $w j@3 NL3. II3I3AcU3,C~,L3j@A
R0c ,N RNIw <Cq3 Ua30C,jCRNc jR K?+LRI3,nI3c VIcR ,II30 II3I3c CN
j@Cc ,@Uj3aW s@C,@ a3 Uaj R8 j@3 jaCNCN< 0j c3jcY M3jK?+ Cc 
cjj3AR8Aj@3Aaj II3I3AcU3,C~, L3j@R0 03q3IRU30 CN Rna <aRnU N0 Cc
CN,In030 CN j@3 NIwcCc Ua3c3Nj30 CN j@Cc ,@Uj3a )le. lz*Y i@3L3j@R0
sc $3N,@LaG30 jR $3 RN3 R8 j@3 $3cj Ua30C,jRac CN c3q3aI CN03U3NA
03Nj cjn0C3c )l4. lO*Y i@3 M3jK?+ L3j@R0 Cc $c30 RN MMc N0
@c j@3 URs3a jR ,,naj3Iw Ua30C,j $CN0CN< 8Ra U3UjC03c sCj@CN j@3
aN<3 R8 4ĢSS LCNR ,C0c. 03cUCj3 j@3 8,j j@j LRcj R8 j@3 jaCNCN<
0j CN,In03 L3cna3L3Njc 8Ra OAL3a U3UjC03c )le*Y
Se
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
i@3 LCN UaRU3ajC3c 03~NCN< K?+ LRI3,nI3c 8Ra j@3
II3I3AcU3,C~, L3j@R0c. s@C,@ CNn3N,3 j@3Ca Ua30C,jCRN ,,na,w.
a3 NnL$3a R8 U3UjC03c N0 NnL$3a R8 $CN03ac )kz. kS. kl*Y ?3a3. j@3
NnL$3a R8 U3UjC03c a383ac jR j@3 LRnNj R8 U3UjC03ĢK?+ L3cna3A
L3Njc qCI$I3 CN j@3 jaCNCN< c3j 8Ra  UajC,nIa K?+ LRI3,nI3.
N0 j@3 NnL$3a R8 $CN03ac \nNjC~3c ,jnI $CN0CN< U3UjC03c sCj@ N
|NCjw cjaRN<3a j@N 9zz NKY
 c3,RN0 <aRnU R8 K?+ Ua30C,jRac ,RNcCcjc R8 L3j@R0c j@j a3
$I3 jR I3aN K?+ $CN0CN< cU3,C~,CjC3c N0 <3N3aICy3 jR LRI3,nI3c
sCj@ q3aw 83s Ra NR $CN0CN< L3cna3L3Njc qCI$I3Y i@3c3 a3
cRA,II30 UNAcU3,C~, L3j@R0c j@j CN,In03 j@3 K?+ LRI3,nI3 CN 
8RaL R8 Uc3n0R c3\n3N,3 CNjR j@3 jaCNCN< UaR,3cc c Ua3c3Nj30 CN c3,A
jCRN SYlYlY BN Rna cjn0w. s3 CN,In030 j@3 M3jK?+UN L3j@R0 s@C,@
sc 03LRNcjaj30 jR aNG j j@3 jRU LRN< UNAcU3,C~, Ua30C,jRac
)kl*Y
QN3 LRa3 L3j@R0 CNqRIq30 CN j@3 ,RNc3Ncnc Ua30C,jRa Cc j@3
TC,GTR,G3jL3j@R0. s@C,@ 0C{3ac 8aRL j@3 Rj@3a jsR Ua30C,jRac $w j@3
nN03aIwCN< I<RaCj@LY i@3 TC,GTR,G3j UUaR,@ Cc $c30 RN j@3 8,j
j@j j@3 U3UjC03 $CN0CN< <aRRq3 R8 K?+ LRI3,nI3c @c c3q3aI UR,GA
3jc j@j Iswc CNj3a,j sCj@  UajC,nIa Uaj R8 j@3 U3UjC03Y i@3a3A
8Ra3. $w ,RLUaCN< cCLCIaCjC3c R8 j@3 UR,G3jc 8aRL K?+ LRI3,nI3c
sCj@ GNRsN cU3,C~,Cjw N0 \n3aw LRI3,nI3c. Cj Cc URccC$I3 jR Ua30C,j
N3s $CN0CN< U3UjC03c 8Ra NRq3I K?+ LRI3,nI3c )kS*Y i@3 TC,GTR,G3j
L3j@R0. s@3N ,RLUa30 jR MMA$c30 Ua30C,jRac. sc c@RsN jR
<Cq3 @C<@ ,,na,w Ua30C,jCRNc 8RaLRI3,nI3csCj@ IRs cCLCIaCjw jR j@3
0j qCI$I3 8Ra jaCNCN<. IIRsCN< j@3 3uj3N030 nc3 R8 j@3 L3j@R0
jR NRNA@nLN cU3,C3c )kS*Y
7Ra UNAcU3,C~, L3j@R0c. Ua30C,jCRN ,,na,w RN NRq3I K?+
LRI3,nI3c ,Raa3Ij3c sCj@ j@3Ca c3\n3N,3 cCLCIaCjw jR j@3 LRI3,nI3c
8aRL j@3 jaCNCN< c3jY ?3a3. j@3 jsR LRI3,nI3c a3 ,RLUa30 $w ncA
CN< j@3Ca Uc3n0R c3\n3N,3c N0 ,I,nIjCN<  Uc3n0RA0CcjN,3. c 03A
c,aC$30 $w MC3Ic3N 3j IY )kk*Y
lYl TU3a B
i@3 8RIIRsCN< UU3a sc Un$ICc@30 CN j@3 ERnaNI BLLnNR<3N3jC,c CN
Q,jR$3a lzSSY bnUUI3L3Njaw Lj3aCI 8Ra j@Cc UU3a Cc <Cq3N CN UA
U3N0Cu Y
S4
lYlY TU3a B
M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra j@3 LERa
@CcjR,RLUjC$CICjw ,RLUI3u ,Icc B Ua30C,jCRNc
20Cj FaRcC3N3. +Inc HnN03<a0. QI3 HnN0. N0 KRaj3N MC3Ic3N
+3Nj3a 8Ra #CRIR<C,I b3\n3N,3 NIwcCc. /3UajL3Nj R8 bwcj3Lc #CRIR<w.
i3,@NC,I mNCq3acCjw R8 /3NLaG. /FAl4zz HwN<$w. /3NLaG
$cja,j
G3w aRI3 CN ,3IIAL30Cj30 CLLnNCjw Cc 030C,j30 jR j@3LERa @CcA
jR,RLUjC$CICjw ,RLUI3u VK?+W LRI3,nI3c j@j $CN0 U3UjC03c 8Ra Ua3A
c3NjjCRN RN j@3 ,3II cna8,3Y b3q3aI CN cCIC,R L3j@R0c ,U$I3 R8 Ua3A
0C,jCN< U3UjC03 $CN0CN< jR K?+ ,Icc B @q3 $33N 03q3IRU30Y i@3 ,A
,na,w R8 j@3c3 L3j@R0c 03U3N0c RN j@3 0j qCI$I3 ,@a,j3aCyCN<
j@3 $CN0CN< cU3,C~,Cjw R8 j@3 K?+ LRI3,nI3cY Bj @c. LRa3Rq3a. $33N
03LRNcjaj30 j@j ,RNc3Ncnc L3j@R0c 03~N30 c ,RL$CNjCRNc R8 jsR
Ra LRa3 0C{3a3Nj L3j@R0c I30 jR CLUaRq30 Ua30C,jCRN ,,na,wY i@Cc
UI3j@Ra R8 L3j@R0c LG3c Cj q3aw 0C|,nIj 8Ra j@3 NRNA3uU3aj nc3a jR
,@RRc3 j@3LRcj cnCj$I3L3j@R0 8Ra Ua30C,jCN< $CN0CN< jR  <Cq3NK?+
LRI3,nI3Y BN j@Cc cjn0w. s3 @q3 j@3a38Ra3 L03 N CNA03Uj@ NIwcCc
R8 ,RL$CNjCRNc R8 j@a33 cjj3AR8Aj@3Aaj K?+ĢU3UjC03 $CN0CN< Ua30C,A
jCRN L3j@R0c VM3jK?+. M3jK?+UN N0 TC,GTR,G3jWY r3 03LRNcjaj3
j@j  cCLUI3 ,RL$CNjCRN R8 M3jK?+ N0 M3jK?+UN <Cq3c j@3 @C<@A
3cj U3a8RaLN,3 s@3N j@3 II3I3 CN \n3cjCRN Cc CN,In030 CN j@3 jaCNCN<
N0 Cc ,@a,j3aCy30 $w j I3cj 9z 0j URCNjc sCj@ j I3cj j3N $CN03acY
Qj@3asCc3. M3jK?+UN Cc j@3 $3cj Ua30C,jRaY r@3N N II3I3 @c NRj
$33N ,@a,j3aCy30. j@3 U3a8RaLN,3 03U3N0c RN j@3 0CcjN,3 jR j@3
jaCNCN< 0jY M3jK?+UN @c j@3 @C<@3cj U3a8RaLN,3 s@3N ,IRc3
N3C<@$Rnac a3 Ua3c3Nj CN j@3 jaCNCN< c3j. s@CI3 j@3 ,RL$CNjCRN R8
M3jK?+UN N0 TC,GTR,G3j RnjU3a8RaLc 3Cj@3a R8 j@3 jsR L3j@R0c 8Ra
II3I3c sCj@ LRa3 a3LRj3 N3C<@$RnacY i@3 ~NI L3j@R0. M3jK?+,RNc.
Cc Un$IC,Iw qCI$I3 j sssY,$cY0jnY0Ggc3aqC,3cgM3jK?+,RNc. N0
IIRsc j@3 nc3a CN N njRLjC, LNN3a jR R$jCN j@3 LRcj ,,naj3
Ua30C,jCRNc 8Ra Nw <Cq3N K?+ LRI3,nI3Y
F3wsRa0c K?+ ,Icc B Ȁ i ,3II 3UCjRU3 Ȁ K?+ $CN0CN< cU3,C~,Cjw Ȁ
T3UjC03ĢK?+ $CN0CN< Ȁ +RNc3NcncL3j@R0c Ȁ ajC~,CI N3naI N3jsRaG
SO
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
lYlYS BϩАЁϱβЛΫАϔϱϩ
KERa @CcjR,RLUjC$CICjw ,RLUI3u VK?+W LRI3,nI3c UIw  G3w aRI3
CN ,3IIAL30Cjj30 CLLnNCjw $CN0CN< NjC<3NC, U3UjC03c N0 Ua3c3NjA
CN< j@3L 8Ra a3,R<NCjCRN $w j@3 CLLnN3 cwcj3L RN j@3 ,3II cna8,3Y
i@aRn<@ NjC<3N UaR,3ccCN<. UaRj3CNc UaR0n,30 sCj@CN  ,3II a3 03A
<a030 CNjR c@Raj U3UjC03c. ncnIIw R8 4ĢSS a3cC0n3c CN I3N<j@ j@j
Lw j@3N $3 IR030 RN K?+AB LRI3,nI3c N0 Ua3c3Nj30 RN j@3 ,3II
cna8,3Y BN j@Cc sw. ,wjRjRuC, i IwLU@R,wj3c a3 ,U$I3 R8 a3,R<A
NCyCN< j@3 CN83,j30 ,3IIc N0 jaC<<3aCN< N CLLnN3 a3cURNc3Y i@RnA
cN0c R8 0C{3a3Nj II3IC, q3acCRNc R8 K?+ LRI3,nI3c 3uCcj )k:*. LGA
CN< ,RLUI3j3 3uU3aCL3NjI ,@a,j3aCyjCRN R8 U3UjC03ĢK?+ CNj3a,A
jCRNc @C<@Iw ,RcjACNj3NcCq3Y  NnL$3a R8 CN cCIC,R Ua30C,jCRN L3j@R0c
8Ra U3UjC03ĢK?+$CN0CN< @q3 j@3a38Ra3 $33N cn,,3cc8nIIw 03q3IRU30
0naCN< j@3 Icj 03,03 V8Ra  a3qC3s. c33. 3Y<Y. )k9*WY Bj @c $33N 03LRNA
cjaj30 j@j j@3 Ua30C,jCq3 U3a8RaLN,3 R8 K?+ U3UjC03 $CN0CN< Ua3A
0C,jCRN L3j@R0c 03U3N0c cjaRN<Iw RN $Rj@ j@3 NnL$3a R8 U3UjC03c
N0 j@3 NnL$3a R8 ,jnI $CN03ac qCI$I3 8Ra jaCNCN< )kz. kS. kl*Y 7Ra
UNAcU3,C~, L3j@R0c. j@3 U3a8RaLN,3 @c LRa3Rq3a $33N 03LRNA
cjaj30 jR 03U3N03Nj cjaRN<Iw RN j@3 LCNR ,C0 c3\n3N,3 0CcjN,3
jR j@3 N3a3cj II3IC, N3C<@$Rna CN j@3 0j nc30 jR jaCN j@3 L3j@R0
)kf. kS*Y KRa3Rq3a @q3 c3q3aI $3N,@LaG cjn0C3c c@RsN j@j ,RNA
c3Ncnc L3j@R0c 03~N30 c  cCLUI3 q3a<3 R8 jsR Ra LRa3 0C{3a3Nj
L3j@R0c ,N I30 jR CLUaRq30 Ua30C,jCRN ,,na,w )ke. k4. kO. kS. kl*Y
i@Cc L3Nc j@j RN3 L3j@R0 Ra c3jc R8 L3j@R0c Lw U3a8RaL s3II 8Ra
RN3 <Cq3N K?+ LRI3,nI3 s@CI3 U3a8RaLCN< URRaIw 8Ra Rj@3acY 2q3N
j@Rn<@ c3q3aI $3N,@LaGc @q3 $33N ,aaC30 Rnj jR ,RLUa3 K?+
$CN0CN< L3j@R0c N0 aNG j@3L $c30 RN j@3Ca Ua30C,jCRN ,,na,w
)lO. l4. kS. kl*. Cj a3LCNc  @C<@Iw NRNAjaCqCI jcG 8Ra j@3 3N0Anc3a jR
c3I3,j j@3 $3cj cnCj$I3 L3j@R0 8Ra  <Cq3N K?+ LRI3,nI3Y
i@3 R$E3,jCq3 R8 j@Cc cjn0w sc jR 00a3cc j@Cc UaR$I3L N0 03A
~N3  L3j@R0 j@j 8Ra Nw <Cq3NK?+LRI3,nI3 CN N njRLjC, LNA
N3a 03~N3c N RUjCLI ,RL$CNjCRN R8  c3aC3c R8 Ua30C,jCRN L3j@A
R0c. IIRsCN< j@3 NRNA3uU3aj 3N0Anc3a jR R$jCN ,,naj3 $CN0CN< Ua3A
0C,jCRNcY i@a33 cjj3AR8Aj@3Aaj L3j@R0c M3jK?+. M3jK?+UN N0
TC,GTR,G3j s3a3 CN,In030 CN j@Cc cjn0wY M3jK?+ Cc N ajC~,CI N3naI
N3jsRaGA$c30 VMMW II3I3AcU3,C~, L3j@R0. ,U$I3 R8 Ua30C,jCN<
$CN0CN< RNIw jR j@3 LRI3,nI3c RN s@C,@ Cj @c $33N jaCN30 )le. lz*Y
i@3 jsR Rj@3a L3j@R0c a3 UNAcU3,C~, L3NCN< j@j j@3w a3 $I3
jR Ua30C,j U3UjC03 $CN0CN< IcR jR K?+ LRI3,nI3c 8Ra s@C,@ ICLCj30
Ra NR 3uU3aCL3NjI U3UjC03 $CN0CN< 0j Cc qCI$I3Y M3jK?+UN. Cc
MMA$c30 )kf. kk*. N0 j@3 TC,GTR,G3j L3j@R0 Cc LjaCuA$c30 N0
lz
lYlY TU3a B
a3IC3c RN a3,3UjRaAUR,G3j cCLCIaCjC3c $3js33N K?+ LRI3,nI3c )kS*Y
i@3 ,@RC,3 R8 L3j@R0c jR $3 NIwy30 sc L03 $c30 RN Ua3qCRnc
$3N,@LaG cjn0C3cY M3jK?+ N0 M3jK?+UN L3j@R0c @q3 CN c3qA
3aI Ia<3Ac,I3 $3N,@LaG cjn0C3c $33N 03LRNcjaj30 jR $3 LRN<
j@3 $3cj Un$IC,IIw qCI$I3 Ua30C,jRac )k9. l4. kl*Y 2q3N j@Rn<@ j@3
TC,GTR,G3j L3j@R0 @c NRj CN Nw $3N,@LaG cjn0C3c $33N c@RsN jR
UaRqC03  cnU3aCRa U3a8RaLN,3. Cj @c $33N 03LRNcjaj30 j@j j@3
L3j@R0 8Ra II3I3c sCj@ NR ,IRc3 N3C<@$Rnac ,N CLUaRq3 $CN0CN<
|NCjw Ua30C,jCRNc s@3N ,RL$CN30 sCj@ M3jK?+UN )kS*Y II j@3
L3j@R0c s3a3 $3N,@LaG30 ncCN<  Ia<3 N0 0Cq3ac3 c3j R8 \nNjCjA
jCq3 U3UjC03 $CN0CN< |NCjw L3cna3L3Njc. ,Rq3aCN< LRa3 j@N Szz
K?+ ,Icc B II3I3cY
Bj Cc UUa3Nj j@j NRj II L3j@R0c ,N $3 UUIC30 jR Ua30C,j $CN0A
CN< jR Nw ,@Rc3N K?+ LRI3,nI3Y 7Ra 3uLUI3. j@3 M3jK?+L3j@R0
Cc qCI$I3 RNIw C8 j@3 II3I3 CN \n3cjCRN Cc IcR Uaj R8 j@3 jaCNCN<
c3j nc30 jR 03q3IRU j@3 L3j@R0Y QN j@3 Rj@3a @N0. j@3 UNAcU3,C~,
M3jK?+UN N0 TC,GTR,G3j L3j@R0c a3 ,U$I3 R8 Ua30C,jCN< $CN0A
CN< jR Nw K?+ LRI3,nI3 sCj@ GNRsN UaRj3CN c3\n3N,3Y i@3 03A
q3IRUL3Nj R8 j@3 ,RNc3Ncnc L3j@R0 sc <nC030 $w cCLUIC,Cjw N0
aR$ncjN3ccY i@Cc L3Nc j@j j@3 ,RL$CNjCRN R8 jsR Ra LRa3 L3j@A
R0c sc RNIw CN,In030 CNjR 03~NCjCRN R8 j@3 ~NI L3j@R0 C8 Cj 03LRNA
cjaj30  cC<NC~,NjIw CLUaRq30 U3a8RaLN,3 ,RLUa30 jR j@3 CN0CA
qC0nI L3j@R0c sCj@CN j@3 NIwc30 ,RN0CjCRNcY BN j@3 UU3a. s3
~acj $3N,@LaG 3,@ L3j@R0 CN0CqC0nIIw N0 3qInj3 j@3Ca U3a8RaA
LN,3 nN03a 0C{3a3Nj c3jjCN<cY M3uj. <Cq3N j@3c3 a3cnIjc. j@3 ,RNc3NA
cnc L3j@R0 Cc 03~N30 CN N II3I3AcU3,C~, LNN3a c  ,RL$CNjCRN R8
RN3 Ra LRa3 Ua30C,jCRNL3j@R0c. N0 ~NIIw Cc j@3 ,RNc3Ncnc L3j@R0.
M3jK?+,RNc. qIC0j30 <CNcj N CN03U3N03Nj 0j c3jY
lYlYl KΞАζЁϔΞϣЅ Ξϩβ KζАϑϱβЅ
/j c3j
i@3 $3N,@LaG 0j c3j ,RNcCcjc R8 \nNjCjjCq3 NRNL3aC,
U3UjC03ĢK?+ ,Icc B $CN0CN< 0j sCj@  cn$LCccCRN 0j3 UaCRa
jR b3Uj3L$3a lzzO a3jaC3q30 8aRL j@3 B2/# ):z* N0 N CNA@Rnc3
K?+ĢU3UjC03 $CN0CN< 0j$c3Y BN jRjI. Cj ,RNcCcjc R8 SzS.el4 nNC\n3
U3UjC03ĢK?+ ,Icc B CNj3a,jCRNc ,Rq3aCN< SzS II3I3c- k: ?HA. k9
?HA#. RN3 ?HA+. RN3 ?HA2. SS ,@CLUNy33 VTjaW. Sl a@3cnc
L,\n3 VKLnW. RN3 <RaCII V;R<RW. N0 cCu LRnc3 II3I3cY i$I3
YS ,RNjCNc  03jCI30 03c,aCUjCRN R8 j@3 $3N,@LaG 0j c3jY II
U3UjC03 $CN0CN< L3cna3L3Njc s3a3 R$jCN30 c B+9zg2+9z qIn3c
lS
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
N0 8Ra j@Cc cjn0w s3a3 IR<AjaNc8RaL30 jR 8II CN j@3 aN<3 $3js33N z
N0 S ncCN< j@3 a3IjCRN SĢIR<VB+9zNKWgIR<V9z.zzzW )lz*Y
NIwy30 L3j@R0c N0 ,RN0CjCRNc
7Ra Rna NIwcCc. s3 nc30 CNA@Rnc3 q3acCRNc R8 M3jK?+. M3jK?+UN
N0 TC,GTR,G3j jaCN30 N0 3qInj30 RN j@3 K?+ ,Icc B $3N,@A
LaG 0j c3jY ?qCN< $Rj@ II3I3AcU3,C~, VM3jK?+W N0 UNAcU3,C~,
VM3jK?+UN N0 TC,GTR,G3jW L3j@R0c CN j@3 $3N,@LaG a3cnIj30 CNjR
jsR NIwy30 ,RN0CjCRNc- VSW s@3N II3I3 CN \n3cjCRN Cc Uaj R8 j@3
jaCNCN< c3jd VlW s@3N II3I3 CN \n3cjCRN Cc NRj Uaj R8 j@3 jaCNCN< c3jY
r@3N N II3I3 8Ra s@C,@ j@3 $CN0CN< c@RnI0 $3 Ua30C,j30 sc NRj
Uaj R8 j@3 jaCNCN< 0j. j@3 NIwcCc a30n,30 jR CN,In03 RNIw j@3 jsR
UNAcU3,C~,L3j@R0cY BN II Rj@3a ,c3c. j@3 NIwcCc CN,In030 II j@a33
L3j@R0cY BN Ra03a jR R$jCN  a3IC$I3 U3a8RaLN,3 s@3N 3qInjCN<
j@3 L3j@R0c. s3 ,RNcjan,j30  a30n,30 0j c3j ,RNcCcjCN< R8 e4 II3A
I3c. 8Ra s@C,@ j I3cj 9z 0j URCNjc s3a3 qCI$I3 N0 j I3cj j3N R8
j@3L s3a3 $CN0CN< U3UjC03c VCY3Y. @qCN< N |NCjw cjaRN<3a j@N 9zz
NKWY i@Cc a30n,30 0j c3j Cc Ua3c3Nj30 CN i$I3 YlY
2qInjCRN cjaj3<C3c
r@3N jaCNCN< MMc. Cj Cc ,aCjC,I jR 03~N3  cjaj3<w jR qRC0 Rq3a~jA
jCN<Y +RNq3NjCRNIIw. j@Cc Cc 0RN3 ncCN<  j3cj c3j jR cjRU j@3 N3jsRaG
jaCNCN< s@3N j@3 U3a8RaLN,3 RN j@3 j3cj c3j Cc RUjCLIY i@Cc Cc 
@C<@Iw +TmACNj3NcCq3 UaR,30na3 cCN,3 j@3 3qInjCRN Lncj $3 L03
ncCN< N3cj30 ,aRccAqIC0jCRNY 7Ra 9A8RI0 N3cj30 ,aRccAqIC0jCRN 8Ra
CNcjN,3. j@3 0j Cc cUICj CNjR ~q3 cn$c3jcY BN 3,@ aRnN0. RN3 cn$c3j
Cc 3LUIRw30 c 3qInjCRN c3j N0 Cc NRj CN,In030 CNjR jaCNCN< UaR,3ccY
i@3 a3LCNCN< 8Rna cn$c3jc a3 nc30 CN j@3 CNN3a ,aRccAqIC0jCRN IRRU
s@3a3 8Rna N3jsRaGc a3 ,RNcjan,j30 3,@ ncCN< j@a33 c3jc jR jaCN j@3
N3jsRaG N0 RN3 c3j nc30 jR cjRU j@3 jaCNCN< jR qRC0 Rq3a~jjCN<Y i@3
$CN0CN< Ua30C,jCRNc R8 j@3 U3UjC03 CN j@3 3qInjCRN c3j a3 N3uj ,I,nA
Ij30 c  cCLUI3 q3a<3 R8 j@3 8Rna N3jsRaGc CN 3,@ ,aRccAqIC0jCRN
3Nc3L$I3Y NRj@3a 8cj3a cjaj3<w 8Ra ,aRccAqIC0jCRN Cc jR nc3 j@3 j3cj
c3j c 3qInjCRN 0jY BN j@Cc c3jjCN<. j@3 j3cj c3j Cc nc30 $Rj@ jR cjRU
j@3 N3jsRaG jaCNCN< CN Ra03a jR qRC0 Rq3a~jjCN<. N0 jR 3qInj3 j@3
Ua30C,jCq3 U3a8RaLN,3Y i@Cc ,aRccAqIC0jCRN UUaR,@ @c N CN@3aA
3Nj URj3NjCI R8 Rq3a3cjCLjCN< j@3 Ua30C,jCq3 U3a8RaLN,3Y
iR 3qInj3 jR s@j 03<a33 j@3 nc3 R8 j@3 8cj3a jaCNCN< cjajA
3<w I30 jR N Rq3a3cjCLjCRN R8 j@3 Ua30C,jCq3 U3a8RaLN,3. j@3 jsR
0C{3a3Nj 3qInjCRN cjaj3<C3c s3a3 ,RLUa30 8Ra j@3 M3jK?+ N0
ll
lYlY TU3a B
M3jK?+UN L3j@R0c CN j3aLc R8 T3acRN_c ,Raa3IjCRN ,R3|,C3Njc
VT++WY c j@3 TC,GTR,G3j L3j@R0 @c NR cjRUUCN< UaR,30na3. j@Cc
L3j@R0 sc NRj CN,In030 CN j@Cc ,RLUaCcRNY
Qna NIwcCc c@Rs30 j@j j@3 0C{3a3N,3 $3js33N 3qInjCRN RN
CN03U3N03Nj 0j c3jc ,RLUa30 jR 3qInjCRN RN j3cj c3jc 0naCN<
,aRccAqIC0jCRN Cc cC<NC~,Nj 8Ra j@3 M3jK?+L3j@R0 s@3N j@3 0j
c3j Cc cLII3a j@N S.zzz 0j URCNjc VU=zYzlW. N0 NRj cC<NC~,Nj 8Ra
j@3 c3jc sCj@ S.zzz Ra LRa3 0j URCNjc VU=zYS9WY 7Ra j@3 M3jK?+UN
L3j@R0. s@C,@ Iswc @c  Ia<3 3qInjCRN c3j. NR 0C{3a3N,3 CN
U3a8RaLN,3 sc R$c3aq30 $3js33N j@3 jsR 3qInjCRN cjaj3<C3c
VU=zYSOW Vc33 7C<na3 YSWY c  a3cnIj R8 j@Cc N0 CN Ra03a jR a30n,3 j@3
,RLUnjjCRNI 3{Rajc. s3 @q3 8Ra j@3 8naj@3a NIwcCc ,@Rc3N jR nc3
CN03U3N03Nj c3j 8Ra M3jK?+ 3qInjCRNc N0 LG3 j@3 M3jK?+UN
3qInjCRNc RN j@3 j3cj c3jc 0naCN< ,aRccAqIC0jCRN. s@C,@ Cc  Ln,@
8cj3a UUaR,@Y
BN Ra03a jR 3qInj3 j@3 Ua30C,jCq3 U3a8RaLN,3 R8 M3jK?+UN
N0 TC,GTR,G3j 8Ra II3I3c. s@C,@ a3 NRj Uaj R8 j@3 jaCNCN< 0j. 
I3q3ARN3ARnj VHQQW UUaR,@ sc nc30. L3NCN< j@j j@3 0j 8Ra
j@3 II3I3 CN \n3cjCRN sc 3u,In030 8aRL j@3 jaCNCN< c3jY QN3 CLURaA
jNj ,@a,j3aCcjC,c R8 j@3 $3N,@LaG 0j c3j Cc j@j LNw U3UjC03c
@q3 $33N j3cj30 8Ra $CN0CN< jR LnIjCUI3 K?+ LRI3,nI3cY ;Cq3N j@Cc
Njna3 R8 j@3 U3UjC03 0j c3j. Cj Cc 3cc3NjCI jR 03cC<N j@3 HQQ jaCNA
CN< cjaj3<w cR j@j NRj RNIw 0j 8Ra j@3 cU3,C~, II3I3 CN \n3cjCRN Cc
a3LRq30 8aRL j@3 jaCNCN<. $nj IcR U3UjC03c ,RLLRN $3js33N j@3
3qInjCRN N0 jaCNCN< c3jcY BN 0RCN< j@Cc. s3 ccna3 j@j N3Cj@3a j@3
K?+ LRI3,nI3 NRa j@3 U3UjC03c a3 Ua3c3Nj CN j@3 jaCNCN< N0 3qIA
njCRN c3jc j j@3 cL3 jCL3Y BN Ra03a jR qRC0 a30n,CN< j@3 jaCNCN<
c3j jRR Ln,@ CN j@Cc cjaC,j HQQ c3jnU. j@3 3qInjCRN c3j sc cUICj CNjR
j@a33 cn$c3jc N0 j@3 U3a8RaLN,3 8Ra 3,@ cn$c3j sc 3qInj30Y b3jA
jCN< j@3 NnL$3a R8 3qInjCRN cn$c3j UajCjCRNc jR j@a33sc $c30 RN 
,RLUaRLCc3 $3js33N CN,a3c3 CN ,I,nIjCRN jCL3 N0 j@3 ,,na,w R8
U3a8RaLN,3 3cjCLjCRNY  cLII NnL$3a R8 cn$c3j UajCjCRNc sRnI0
$3 ,RLUnjjCRNIIw 8cj $nj sRnI0 I30 jR a3IjCq3 Ia<3 a30n,jCRNc
CN j@3 cCy3 R8 j@3 jaCNCN< 0j. N0 ICG3sCc3 sRnI0  Ia<3 NnL$3a R8
cn$c3j UajCjCRNc $3 ,RLUnjjCRNIIw ,RcjIw $nj I30 jR RNIw LCNRa a3A
0n,jCRN CN j@3 cCy3 R8 j@3 jaCNCN< 0jY  cLII 3qInjCRN R8 j@3 U3aA
8RaLN,3 c  8nN,jCRN R8 j@3 NnL$3a R8 3qInjCRN cn$c3j sc ,aaC30
Rnj 8Ra j@3 ?HA!zlzS II3I3Y i@Cc Cc j@3 II3I3 CN j@3 0j c3j ,@aA
,j3aCy30 $w j@3 Ia<3cj NnL$3a R8 U3UjC03 L3cna3L3Njc. N0 @3N,3
Cc j@3 3uLUI3 s@3a3 j@3 U3UjC03 Rq3aIU jR Rj@3a LRI3,nI3c c@RnI0
$3 j@3 @C<@3cjY i@Cc 3qInjCRN 03LRNcjaj30 j@j RNIw ICLCj30 <CN
lk
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
CN U3a8RaLN,3 sc ,@C3q30 8Ra cn$c3j 0CqCcCRNc Ia<3a j@N j@a33
V0j NRj c@RsNW. j@3a38Ra3 I30CN< nc jR nc3 j@a33 cn$c3j j@aRn<@ j@3
$3N,@LaG 3qInjCRNY
+I,nIjCRN R8 Uc3n0RA0CcjN,3 jR j@3 N3a3cj N3C<@$Rna
Tc3n0RA0CcjN,3 $3js33N jsR II3I3c sc ,I,nIj30 8aRL j@3 Uc3n0R
c3\n3N,3c R8 K?+LRI3,nI3c c 03c,aC$30 CN )kk*Y i@3 N3a3cj N3C<@A
$Rna 8Ra  cU3,C~, II3I3 Cc 03~N30 c j@3 LRI3,nI3 8aRL j@3 N3C<@A
$Rna a383a3N,3 s@C,@ CN,In03c K?+ LRI3,nI3c sCj@ LRa3 j@N 9z
0j URCNjc N0 LRa3 j@N j3N $CN03ac )kf*. sCj@ j@3 cLII3cj Uc3n0RA
0CcjN,3 jR j@Cc II3I3Y
/3~NCN< j@3 ,RNc3Ncnc L3j@R0
 ,RNc3Ncnc L3j@R0 Cc 03~N30 CN j3aLc R8 ,RL$CNjCRNc R8 jsR Ra
LRa3 0C{3a3Nj CN0CqC0nI L3j@R0cY ?3a3. s3 nc3  cCLUI3 q3a<3 R8
j@3 as IR<AjaNc8RaL30 Ua30C,jCRN c,Ra3c 8aRL 3,@L3j@R0 jR 03~N3
j@3 ,RNc3Ncnc L3j@R0Y +RL$CN30 L3j@R0c a3 a3Ua3c3Nj30 ncCN< 
UInc cC<N ^+^ CN j@Cc cjn0wY 7Ra 3,@ II3I3. j@3 U3a8RaLN,3 R8 3,@
Ua30C,jCRNL3j@R0 N0 j@3Ca URccC$I3 ,RL$CNjCRNcs3a3 <Cq3N c T++
$3js33N j@3 IR<AjaNc8RaL30 Ua30C,j30 N0 L3cna30 $CN0CN< |NCA
jC3cY
pIC0jCRN R8 j@3 ,RNc3Ncnc L3j@R0
N CN03U3N03Nj 3qInjCRN c3j ,RNcCcjCN< R8 0j 8aRL j@3 B2/# ):z*
N0 N CNA@Rnc3 K?+ĢU3UjC03 $CN0CN< 0j$c3 sCj@  cn$LCccCRN
0j3 8j3a b3Uj3L$3a lzzO sc ,RNcjan,j30Y i@Cc qIC0jCRN 0j c3j
@0 NR Rq3aIU sCj@ j@3 jaCNCN< c3jY BN j@Cc sw. s3 3Ncna30 j@j
j@3 ~NI ,RNc3Ncnc L3j@R0 sc NRj jaCN30 N0 3qInj30 ncCN< j@3
cL3 0j URCNjcY BN Ra03a jR R$jCN a3IC$I3 3qInjCRNc. j@3 RNIw IA
I3I3c ,@a,j3aCy30 $w j I3cj j3N 0j URCNjc N0 j I3cj jsR $CN03ac
s3a3 CN,In030Y i@3 qIC0jCRN 0j c3j CN,In030 S:.Olk U3UjC03ĢK?+
$CN0CN< 0j N0 ,Rq3a30 fl II3I3c Vc33 i$I3 YkWY Taj R8 j@3c3 II3A
I3c V:fW s3a3 CN,In030 CN j@3 jaCNCN< 0j c3j. @3N,3 IIRsCN<  qICA
0jCRN R8 j@3 ,RNc3Ncnc L3j@R0 CN jsR ,RN0CjCRNc- VSW 8Ra j@3 II3I3c
CN \n3cjCRN $3CN< Uaj R8 j@3 jaCNCN< 0j N0 VlW 8Ra j@3 NRq3I II3I3c
NRj 03c,aC$30 CN j@3 jaCNCN< 0jY
l:
lYlY TU3a B
bjjCcjC,I NIwcCc
BN j@Cc cjn0w. j@3 3qInjCRN R8 cC<NC~,N,3 R8 j@3 R$c3aq30 0C{3a3N,3c
$3js33N j@3 a3cnIjc sc U3a8RaL30 ncCN< RN3AjCI30 UCa30 jAj3cj sCj@
 cC<NC~,N,3 I3q3I R8 zYz9Y B8  q3aw IRs U qIn3 sc R$jCN30 0naCN<
NIwcCc. Cj Cc j@3N cjj30 c ^U<zYzzzS^ N0 NRj $w 3u,j qIn3Y
lYlYk `ζЅЛϣАЅ
i@3 R$E3,jCq3 R8 j@Cc cjn0w sc jR 03~N3  cjaj3<w j@j 8Ra Nw <Cq3N
K?+ LRI3,nI3 03~N3c N RUjCLI ,RL$CNjCRN R8  c3aC3c R8 Ua3A
0C,jCRN L3j@R0c. IIRsCN< j@3 NRNA3uU3aj 3N0Anc3a CN N njRLj30
LNN3a jR R$jCN ,,naj3 $CN0CN< Ua30C,jCRNc 8Ra Nw <Cq3N K?+
LRI3,nI3Y i@3 ^`3cnIjc^ c3,jCRN 8IIc CNjR j@a33 cn$c3,jCRNcY 7Cacj. s3
CIIncjaj3 j@3 3N0Anc3a UaR$I3L R8 C03NjC8wCN< s@C,@ L3j@R0 jR nc3
8Ra $CN0CN< Ua30C,jCRN 8Ra  <Cq3N K?+ LRI3,nI3. N3uj s3 NIwc3
CN  Ia<3Ac,I3 $3N,@LaG @Rs  cCLUI3 w3j URs3a8nI c3jjCN< ,N $3
03~N30 I30CN< jR  ,RNc3Ncnc L3j@R0 j@j ,RNcCcj3NjIw RnjU3a8RaLc
II cCN<I3 L3j@R0c CN,In030 CN j@3 $3N,@LaG. N0 ~NIIw j@3 ,RNc3NA
cnc L3j@R0 Cc qIC0j30 RN N CN03U3N03Nj 0j c3j R8 K?+ U3UjC03
$CN0CN< L3cna3L3Njc NRj CN,In030 CN j@3 L3j@R0 03q3IRUL3NjY
T3a8RaLN,3 qaCjCRNc R8 0C{3a3Nj L3j@R0c
i@3 LRjCqjCRN jR U3a8RaL j@Cc cjn0w sc $c30 RN 3aIC3a R$c3aqA
jCRNc j@j 0C{3a3Nj L3j@R0c <Cq3 0C{3a3Nj Ua30C,jCRN a3cnIjc CN 0C{3aA
3Nj ,RN0CjCRNcY iR CIIncjaj3 j@Cc. s3 ,RLUa30 @Rs jsR MMA$c30
L3j@R0c VM3jK?+ N0 M3jK?+UNW j@j s3a3 jaCN30 RN C03NjC,I
0j sRnI0 @N0I3  <Cq3N Ua30C,jCRN jcGY  UaRj3CN c3\n3N,3 sc
cn$LCjj30 jR j@3 M3jK?+ N0 M3jK?+UN L3j@R0c. jaCN30 RN j@3
$3N,@LaG 0j c3j. N0 j@3L3j@R0cs3a3 cG30 jR Ua30C,j $CN0CN< jR
j@3 ?HA#!k4zS LRI3,nI3. s@C,@ sc 03~N30 $w Skf U3UjC03ĢK?+
$CN0CN< L3cna3L3Njc R8 s@C,@ RNIw j@a33 s3a3 $CN03ac sCj@CN j@3
jaCNCN< 0j c3jY BN j@3 I38j UN3I R8 7C<na3 lYS. j@3 RnjUnj R8 j@Cc NA
IwcCc Cc a3Ua3c3Nj30 c  c,jj3a UIRj $3js33N j@3 Ua30C,jCRN qIn3c R8
M3jK?+ N0 M3jK?+UNY Bj Cc UUa3Nj 8aRL j@3 ~<na3 j@j j@3 ,RaA
a3IjCRN $3js33N j@3 Ua30C,jCRN c,Ra3c R$jCN30 $w j@3 jsR L3j@R0c
Cc IRs − j@3 T++ Cc zY9fO − N0 j@j j@3 0C{3a3N,3 Cc CN UajC,nIa
Ia<3 CN j@3 @C<@ $CN0CN< jCI R8 j@3 jsR L3j@R0cY BN Ra03a jR CNq3cA
jC<j3 j@3 0Cc<a33L3Nj $3js33N j@3c3 jsR L3j@R0c CN  LRa3 cwcA
j3LjC, LNN3a. s3 R$jCN30 j@3 Ua30C,jCRNc R8 $Rj@ L3j@R0c 8Ra II
l9
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
7C<na3 lYSY Qq3aqC3s R8 <a33L3Nj N0 0Cc<a33L3Nj $3js33N M3jK?+ N0
M3jK?+UNL3j@R0cY i@3 I38j UN3I c@Rsc $CN0CN< Ua30C,jCRNc jR?HA#!k4zS
II3I3 $wM3jK?+ N0M3jK?+UNL3j@R0c 8Ra U3UjC03c 8aRL j@3 cL3 ,@Rc3N
UaRj3CNY HR<AjaNc8RaL30 Ua30C,jCRN c,Ra3c $w 3,@ L3j@R0 a3 UIRjj30Y i@3
aC<@j UN3I 03LRNcjaj3c j@3 03U3N03N,w R8 j@3 T3acRN_c ,Raa3IjCRN ,R3|A
,C3Nj $3js33N j@3 jsR L3j@R0c c  8nN,jCRN R8 NnL$3a R8 U3UjC03c Vj@3 CNN3a
UIRjW N0 NnL$3a R8 $CN03ac qCI$I3 U3a II3I3 CN j@3 jaCNCN< c3jY
K?+ LRI3,nI3c CN,In030 CN j@3 jaCNCN< 0jY i@3 aC<@j UN3I R8 7C<A
na3 lYS 03LRNcjaj3c @Rs j@3 ,Raa3IjCRN $3js33N j@3 Ua30C,jCRNc $w
M3jK?+ N0M3jK?+UNL3j@R0c 03U3N0c RN j@3 cCy3 R8 j@3 jaCNCN<
c3jY 7Ra K?+LRI3,nI3c j@j a3 03~N30 $w 83s 0j URCNjc N0 @q3
cLII NnL$3a R8 ,jnI $CN03ac. j@3 ,Raa3IjCRN ,R3|,C3Nj $3js33N
M3jK?+ N0 M3jK?+UN L3j@R0c Cc q3aw cLIIY i@3 0C{3a3N,3 $3A
js33N Ua30C,jCRNc R8 j@3 jsRL3j@R0c Cc 0CLCNCc@30s@3N j@3 NnL$3a
R8 U3UjC03c N0 $CN03ac CN j@3 jaCNCN< c3j Cc CN,a3c30Y
/3~NCN< j@3 ,RNc3Ncnc L3j@R0
II3I3 CN \n3cjCRN Cc Uaj R8 j@3 jaCNCN< 0j
r@3N N II3I3 Cc Uaj R8 j@3 jaCNCN< 0j. II j@a33 L3j@R0c N0
j@3Ca ,RL$CNjCRNc ,N $3 nc30 jR 03~N3 j@3 ,RNc3Ncnc L3j@R0Y 2,@
L3j@R0 sc 3qInj30 ncCN< ,aRccAqIC0jCRN RN j@3 $3N,@LaG 0j
c3jY 7C<na3 lYl c@Rsc ,,nLnIjCq3 NnL$3a R8 CNcjN,3c s@3a3 3,@
L3j@R0 ,@C3q30 j@3 @C<@3cj Ua30C,jCq3 U3a8RaLN,3 c  8nN,jCRN
R8 j@3 NnL$3a R8 0j URCNjc N0 j@3 NnL$3a R8 $CN0CN< U3UjC03c.
a3cU3,jCq3Iw. ,@a,j3aCyCN< j@3 0C{3a3Nj K?+ LRI3,nI3cY i@3 ~<A
na3 ,I3aIw 03LRNcjaj3c j@j cRL3 L3j@R0c ,@C3q3 j@3 @C<@3cj
lf
lYlY TU3a B
U3a8RaLN,3 LRa3 R8j3N j@N Rj@3ac N0. j@nc. a3 LRa3 CLURajNj
8Ra 03~NCN< j@3 RUjCLI ,RNc3Ncnc L3j@R0Y QNIw RN3 ,RL$CNjCRN.
M3jK?+ + M3jK?+UN. ,RNcCcj3NjIw CLUaRq30 Ua30C,jCRN ,,na,wY
i@Cc ,RL$CNjCRN @c N CN,a3c30 ,,na,w 8Ra II3I3c ,@a,j3aA
Cy30 $w  Ia<3a NnL$3a R8 U3UjC03c N0 cC<NC~,NjIw RnjU3a8RaLc
$Rj@ j@3 M3jK?+UN N0 M3jK?+ L3j@R0c VU=zYzz9W 8Ra j@3 c3j
R8 II3I3c ,@a,j3aCy30 $w j I3cj 9zz 0j URCNjcY II CN II. j@3
M3jK?+ + M3jK?+UN ,RL$CNjCRN <Cq3c  cnU3aCRa Ua30C,jCRN U3aA
8RaLN,3 8Ra LRcj R8 j@3 II3I3c 8aRL j@3 $3N,@LaG 0j c3jY c ,N
$3 c33N CN 7C<na3 lYl. M3jK?+ + M3jK?+UN @c j@3 @C<@3cj U3aA
8RaLN,3 fz jCL3c Rnj R8 Ol Vf9YlXW. 3u,In0CN< jC3cY i@3 c3,RN0 $3cj
L3j@R0 Cc M3jK?+UN. s@C,@ ,@C3q3c j@3 @C<@3cj Ua30C,jCRN ,,nA
a,w 8Ra j@3 II3I3c sCj@  ICjjI3 jaCNCN< 0j c3j N0 II CN II <Cq3c j@3
$3cj c,Ra3c 8Ra S4 II3I3c VSOYfXWY  cCLCIa j3N03N,w Cc R$c3aq30s@3N
,RLUaCN< j@3 ,,nLnIjCq3 NnL$3a R8 jCL3c Nw <Cq3N L3j@R0 Cc
sCNNCN< c  8nN,jCRN R8 j@3 NnL$3a R8 $CN0CN< U3UjC03c sCj@CN j@3
jaCNCN< c3j V7C<na3 lYl. aC<@j UN3IWY Bj Cc cjaCGCN< jR R$c3aq3 j@j
$Rj@ M3jK?+ N0 TC,GTR,G3j aa3Iw U3a8RaL $3cj c cCN<I3 L3j@R0cY
QNIw s@3N ,RL$CN30 sCj@ M3jK?+UN 0R3c M3jK?+ ,RNjaC$nj3 jR
j@3 Rq3aII U3a8RaLN,3 N0 00CN< TC,GTR,G3j c33Lc jR @q3  0Ca3,j
N3<jCq3 3{3,j RN j@3 Ua30C,jCRN ,,na,wY
i@3 a3cnIjc 0CcUIw30 CN 7C<na3 lYl j@nc cn<<3cj M3jK?+UN c
j@3 RUjCLI L3j@R0 8Ra II3I3c ,@a,j3aCy30 $w 83s U3UjC03 L3cna3A
L3Njc. N0  ,RNc3Ncnc L3j@R0 03~N30 $w NnL$3a R8 U3UjC03c VNpW
7C<na3 lYlY ,,nLnIjCq3 NnL$3a R8sCNNCN< 8Ra 3,@L3j@R0 CN,In030 CN j@3
NIwcCc 03U3N0CN< RN j@3 NnL$3a R8 U3UjC03c VI38jW N0 NnL$3a R8 $CN03ac
VaC<@jW U3a II3I3 CN jaCNCN< c3jY
le
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
7C<na3 lYkY i@3 q3a<3 Ua30C,jCq3 U3a8RaLN,3 R8 j@3 II3I3c CN j@3 $3N,@A
LaG 0j c3j c  8nN,jCRN R8 NnL$3a R8 U3UjC03c VI38jW N0 NnL$3a R8
$CN03ac VaC<@jW U3a II3I3 CN j@3 jaCNCN< 0jY
N0 NnL$3a R8 $CN03ac VNbW. a3cU3,jCq3Iw. U3a II3I3 CN jaCNCN< c3jY
i@3 a3cnIj R8 j@Cc NIwcCc Cc <Cq3N CN 7C<na3 lYkY i@3 NIwcCc 03LRNA
cjaj3c j@j 8Ra II3I3c ,@a,j3aCy30 $w  cLII NnL$3a R8 0j URCNjc
VNp<9zW. j@3 II3I3AcU3,C~, M3jK?+L3j@R0 U3a8RaLc URRaIwY BN j@Cc
,c3. j@3 UNAcU3,C~,M3jK?+UNL3j@R0 ,I3aIw ,@C3q3c j@3 @C<@3cj
U3a8RaLN,3 N0 cC<NC~,NjIw RnjU3a8RaLc M3jK?+ VU=zYzlWY +RNA
cC03aCN< j@3 U3a8RaLN,3 03U3N03N,w RN j@3 NnL$3a R8 $CN03ac U3a
II3I3. RN3 ,N NRjC,3 j@j ,RL$CNjCRN R8 j@3 jsRL3j@R0c Iswc RnjA
U3a8RaLc Cjc ,RLURN3NjcY i@3 Ua30C,jCRN ,,na,w R8 j@3 M3jK?+
L3j@R0 8Ra K?+ II3I3c ,@a,j3aCy30 $w 83s $CN03ac VNb<SzW Cc.
@Rs3q3a. q3aw IRs. N0 j@3 0C{3a3N,3 $3js33N M3jK?+UN N0 j@3
,RNc3Ncnc L3j@R0 03~N30 c M3jK?+ Z M3jK?+UN Cc 8Ra j@3c3 IA
I3I3c cjjCcjC,IIw CNcC<NC~,NjY M3jK?+UN IcR ,@C3q3c j@3 @C<@3cj
U3a8RaLN,3 sCj@CN j@3 N3uj $CN V9z≤Np<SzzWY ?Rs3q3a. s3 ,NNRj
,,3cc j@3 cC<NC~,N,3 R8 j@3 0C{3a3N,3 $3js33N j@3 0C{3a3Nj L3j@A
R0c CN j@Cc ,c3 c s3 @q3 RNIw j@a33 II3I3c sCj@CN j@3 $CNY #c30 RN
j@3c3 R$c3aqjCRNc N0@qCN< CNLCN0 j@js3 ,@RRc3  cCN<I3L3j@R0
s@3a3 Cj Cc NRj cC<NC~,NjIw 0C{3a3Nj 8aRL j@3 ,RL$CN30 UUaR,@. s3
03~N30 j@3 ,RNc3Ncnc L3j@R0 8Ra j@3 ,RN0CjCRN R8 j@3 II3I3 CN \n3cA
jCRN $3CN< Uaj R8 j@3 jaCNCN< 0j c 8RIIRsc-
NetMHCcons =
{
NetMHCpan 8Ra Np < 50 N0 Nb < 10
NetMHC+ NetMHCpan Rj@3asCc3 VlYSW
l4
lYlY TU3a B
7C<na3 lY:Y Ta30C,jCq3 U3a8RaLN,3 R8 j@3 II3I3c 8aRL j@3 $3N,@LaG 0j
c3j c  8nN,jCRN R8 0CcjN,3 jR j@3 N3a3cj N3C<@$RnaY i@3 I38j UN3I c@Rsc
U3a8RaLN,3 8Ra 3,@ II3I3 R8 j@3 M3jK?+UN N0 TC,GTR,G3j L3j@R0cY i@3
cRIC0 ICN3 a3Ua3c3Njc j@3 I3cj c\na3 ~j 8Ra j@3 M3jK?+UN 0j. N0 j@3 0Rjj30
ICN3 <Cq3c j@3 I3cj c\na3 ~j 8Ra j@3 TC,GTR,G3j 0jY  8nII cCy3 R8 j@Cc <aU@ Cc
qCI$I3 CN 7C<na3 YlY i@3 aC<@j UN3I 03LRNcjaj3c j@3 q3a<3 U3a8RaLN,3
03U3N03N,w RN j@3 0CcjN,3 jR j@3 N3a3cj N3C<@$RnaY i@3 U3a8RaLN,3 8Ra 3,@
II3I3 sc ,I,nIj30 ncCN< I3q3ARN3ARnj UUaR,@ c 03c,aC$30 CN ^Kj3aCIc
N0 L3j@R0c^Y /CcjN,3 jR j@3 N3a3cj N3C<@$Rna sc ,I,nIj30 ncCN< K?+
Uc3n0R c3\n3N,3c c 03c,aC$30 $w )kk*Y
/3jCI30 a3cnIjc R8 j@3 NIwcCc R8 L3j@R0c s@3N II3I3 CN \n3cjCRN
Cc Uaj R8 j@3 jaCNCN< 0j a3 <Cq3N CN i$I3 Y:Y
II3I3 CN \n3cjCRN Cc NRj Uaj R8 j@3 jaCNCN< 0j
r@3N j@3 K?+ II3I3 8Ra s@C,@ s3 sCc@ jR Ua30C,j U3UjC03 $CN0CN<
Cc NRj Uaj R8 j@3 jaCNCN< 0j c3j. RNIw j@3 UNAcU3,C~, M3jK?+UN
N0 TC,GTR,G3j L3j@R0c ,N $3 3LUIRw30Y Bj @c $33N c@RsN 3aIC3a
j@j j@3 Ua30C,jCq3 U3a8RaLN,3 R8 UNAcU3,C~, L3j@R0c 03U3N0c RN
j@3 II3IC, 3NqCaRNL3NjY 7Ra 3uLUI3. M3jK?+UNsc 03LRNcjaj30
jR U3a8RaLs3II 8Ra j@3 II3I3c sCj@ s3IIA,@a,j3aCy30 N3C<@$Rna@RR0
)kf*. N0 TC,GTR,G3jsc c@RsN jR <Cq3  <RR0 Ua30C,jCRN ,,na,w 8Ra
K?+ LRI3,nI3c 8Ra s@C,@ j@3 cCLCIaCjw jR ,@a,j3aCy30 II3I3c sc
IRs )kS*Y iR CNq3cjC<j3 j@3 U3a8RaLN,3 R8 M3jK?+UN. TC,GTR,G3j
N0 j@3Ca ,RL$CNjCRN. s3 ,RN0n,j30 N HQQ 3qInjCRN RN j@3
$3N,@LaG 0j c3j c 03c,aC$30 CN ^Kj3aCIc N0 L3j@R0c^Y i@3
a3cnIjc a3 CIIncjaj30 CN 7C<na3 lY: c j@3 U3a8RaLN,3 03U3N03N,w
RN j@3 0CcjN,3 jR j@3 N3a3cj N3C<@$Rna c L3cna30 CN j3aLc R8 j@3
lO
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
K?+ Uc3n0R c3\n3N,3 cCLCIaCjw V03jCI30 a3cnIjc R8 j@Cc NIwcCc a3
Ua3c3Nj30 CN i$I3 Y9WY i@3 I38j UN3I R8 j@3 ~<na3 03LRNcjaj3c j@j
 Ia<3 8a,jCRN R8 j@3 II3I3c 8aRL Rna $3N,@LaG 0j c3j @q3 ,IRc3
N3a3cj N3C<@$RnacY KRcj R8 j@3c3 II3I3c a3 @nLN ?HA N0
?HA# II3I3c. s@3a3c ,@CLUNy33 VTjaW. L,\n3 VKLnW N0
LRnc3 II3I3c j3N0 jR @q3 LRa3 0CcjNj N3C<@$RnacY Bj Cc UUa3Nj
j@j j@3 U3a8RaLN,3 R8 $Rj@ L3j@R0c 03U3N0c cjaRN<Iw RN j@3 0CcA
jN,3 8aRL K?+ LRI3,nI3 CN \n3cjCRN jR j@3 N3a3cj LRI3,nI3 CN j@3
jaCNCN< c3jY `3<a3ccCRN NIwcCc 8Ra 3,@ L3j@R0 03LRNcjaj30. j@j
j@3 U3a8RaLN,3 Cc 03,a3c30 cC<NC~,NjIw sCj@ CN,a3cCN< 0CcjN,3
8Ra $Rj@ L3j@R0c VU<zYzzzSWY
i@3 aC<@j UN3I R8 j@3 ~<na3 <Cq3c j@3 q3a<3 Ua30C,jCq3 U3a8RaA
LN,3 R8 j@3 0C{3a3Nj L3j@R0c c  8nN,jCRN R8 j@3 0CcjN,3 jR j@3
N3a3cj N3C<@$Rna sCj@CN j@3 jaCNCN< 0jY i@3 ~<na3 03LRNcjaj3c
j@3 @C<@ U3a8RaLN,3 R8M3jK?+UN CN Ua30C,jCRN R8 $CN0CN< jRK?+
LRI3,nI3c sCj@ ,IRc3 N3C<@$RnacY i@Cc L3j@R0 <Cq3c j@3 @C<@3cj T++
qIn3c R8 II L3j@R0c s@3N j@3 0CcjN,3 V/W Cc IRs3a j@N zYS N0
,@C3q3c j@3 @C<@3cj U3a8RaLN,3 8Ra lk Rnj R8 :z K?+ LRI3,nI3c.
s@CI3 M3jK?+UN Z TC,GTR,G3j sCNc RNIw S9 jCL3c sCj@CN j@Cc $CNY
i@3 0C{3a3N,3 $3js33NM3jK?+UN N0M3jK?+UN Z TC,GTR,G3jsc
NRj cjjCcjC,IIw cC<NC~,NjY B8 j@3 0CcjN,3 jR j@3 N3a3cj N3C<@$Rna
Cc Ia<3a j@N zYS. j@3 ,RL$CNjCRN R8 j@3 M3jK?+UN N0 TC,GTR,G3j
L3j@R0c cC<NC~,NjIw RnjU3a8RaLc $Rj@ M3jK?+UN VU5zYzSOW N0
TC,GTR,G3j VU5zYzzkW L3j@R0cY #c30 RN j@3c3 R$c3aqjCRNc N0 Rna
03,CcCRN jR nc3 j@3 cCLUI3a L3j@R0 s@3a3 j@3 cC<NC~,Nj 0C{3a3N,3 Cc
NRj R$c3aq30. s3 03~N3 j@3 RUjCLI L3j@R0 jR Ua30C,j U3UjC03 $CN0A
CN< jR K?+ LRI3,nI3c NRj CN,In030 CN j@3 jaCNCN< c3j c 8RIIRsc-
NetMHCcons =
{
NetMHCpan 8Ra D < 0.1
NetMHCpan+ PickPocket 8Ra D ≥ 0.1 VlYlW
#c30 RN j@3 a3cnIjc R$jCN30 $Rq3. s3 ,N NRs 03~N3 j@3 ~NI
,RNc3Ncnc L3j@R0Y r3 03~N3  a383a3N,3 c3j R8 II3I3c j@j a3 ,@aA
,j3aCy30 $w j I3cj 9z 0j URCNjc N0 j I3cj j3N $CN03acY #c30 RN
j@Cc a383a3N,3 c3j. j@3 M3jK?+,RNcL3j@R0 ,N $3 03~N30 c
NetMHCcons =
 NetMHC+ NetMHCpan 8Ra D = 0NetMHCpan 8Ra 0 < D < 0.1NetMHCpan+ PickPocket 8Ra D ≥ 0.1 VlYkW
s@3a3 / a383ac jR j@3 0CcjN,3 $3js33N j@3 \n3aw II3I3 N0 Cjc N3aA
3cj N3C<@$Rna CN j@3 a383a3N,3 II3I3 c3jY MRj3 j@j @qCN< j@3 0CcjN,3
3\nI jR z V/=zW L3Nc j@j j@3 II3I3c CN \n3cjCRN Cc Uaj R8 j@3 jaCNA
CN< c3jY
kz
lYlY TU3a B
pIC0jCRN R8 j@3 ~NI ,RNc3Ncnc L3j@R0
i@3 ,RNc3Ncnc L3j@R0 8Ra U3UjC03 $CN0CN< jR K?+ sc N3uj $3N,@A
LaG30 RN N CN03U3N03Nj 3qInjCRN 0j c3j Vc33 ^Kj3aCIc N0
L3j@R0c^WY BN Ra03a jR ,RLUa3 j@3 a3cnIjc sCj@ j@3 L3j@R0c ,RLA
URcCN< M3jK?+,RNc. s3 R$jCN30 Ua30C,jCRNc R8 3,@ L3j@R0 c3UA
aj3Iw N0 ,RLUa30 j@3 a3cnIjc 8Ra j@3 cn$c3jc R8 II3I3c 03U3N0CN<
RN @Rs 3,@ L3j@R0 sc CNqRIq30 CN j@3 ~NI ,RNc3Ncnc L3j@R0Y
i@Cc a3cnIj30 CNjR j@a33 0C{3a3Nj ,RLUaCcRNc R8 j@3 q3a<3 T++ qIA
n3c- VSW 8Ra j@3 II3I3c j@j s3a3 Uaj R8 j@3 jaCNCN< c3j. j@3 a3cnIjc R8
M3jK?+,RNcs3a3 ,RLUa30sCj@ j@3 a3cnIjc R$jCN30 $wM3jK?+UN
N0M3jK?+L3j@R0c V:S II3I3Wd VlWM3jK?+,RNcsc ,RLUa30sCj@
M3jK?+UN 8Ra II j@3 II3I3c 8aRL j@3 qIC0jCRN c3j Vfl II3I3cWd VkW
j@3 ,RLUaCcRN R8 j@3 ,RNc3Ncnc L3j@R0 sCj@ M3jK?+UN N0 TC,GA
TR,G3jsc 0RN3 ncCN< j@3 II3I3c j@j s3a3 NRj CN,In030 CN j@3 jaCNCN<
0j c3j N0 @0  0CcjN,3 R8 zYS Ra Ia<3a jR j@3 jaCNCN< a383a3N,3 c3j
VSe II3I3cWY
 cnLLaw R8 j@3 qIC0jCRN a3cnIjc Cc <Cq3N CN 7C<na3 lY9 V03jCIc
a3 <Cq3N CN i$I3 YfWY i@3 U3a8RaLN,3 R8M3jK?+,RNc RN j@3 II3I3c
j@j s3a3 Uaj R8 j@3 jaCNCN< c3j sc 8RnN0 jR $3 cC<NC~,NjIw @C<@3a
j@N $Rj@M3jK?+ VU<zYzzzSW N0M3jK?+UN VU=zYzSWY +RLUaCN<
M3jK?+,RNc N0 M3jK?+UN U3a8RaLN,3c ncCN< II j@3 II3I3c. cC<A
NC~,Nj 0C{3a3N,3 $3js33N U3a8RaLN,3 qIn3c sc NRj R$c3aq30. $nj
j@3 ,RNc3NcncL3j@R0 @c j@3 @C<@3cj U3a8RaLN,3 R8 j@3 jsRY i@3 c3j
R8 II3I3c j@j @q3  0CcjN,3 R8 zYS Ra LRa3 jR j@3 jaCNCN< 0j ,RLA
URc3 jRR cLII c3j jR R$jCN cC<NC~,Nj U qIn3cd @Rs3q3a. j@3 q3a<3
qIn3c c@Rs j@j j@3 ,RNc3Ncnc L3j@R0 IcR @3a3 @c  @C<@3a U3a8RaA
LN,3 j@N $Rj@ j@3 M3jK?+UN N0 TC,GTR,G3jL3j@R0cY
i@3 M3jK?+,RNc L3j@R0 Cc CLUI3L3Nj30 c  s3$ c3aq3a N0 Cc
qCI$I3 RNICN3 j- @jjU-ggsssY,$cY0jnY0Ggc3aqC,3cgM3jK?+,RNcY
i@3 L3j@R0 UaRqC03c |NCjw Ua30C,jCRNc 8Ra Nw U3UjC03 R8 I3N<j@
4ĢSS LCNR ,C0c jR Nw <Cq3N K?+ ,Icc B LRI3,nI3 R8 GNRsN UaRA
j3CN c3\n3N,3Y isR cn$LCccCRN jwU3c a3 @N0I30 −  ICcj R8 U3UjC03c
Ra  UaRj3CN CN 7bi 8RaLjY i@3 c3aq3a UaRqC03c  URccC$CICjw 8Ra
j@3 nc3a jR ,@RRc3 K?+ LRI3,nI3 CN \n3cjCRN 8aRL  ICcj R8 II3I3c
Ra Ij3aNjCq3Iw nUIR0 j@3 K?+ UaRj3CN c3\n3N,3 R8 CNj3a3cjY i@3
L3j@R0 Cc IcR CLUI3L3Nj30 c bQT $c30 r3$ b3aqC,3 qCI$I3 j-
@jjU-ggsssY,$cY0jnY0GgscgM3jK?+,RNcgY
lYlY: /ϔЅΫЛЅЅϔϱϩ
BN j@Cc cjn0w. s3 U3a8RaL30  03jCI30 NIwcCc R8 c3q3aI
cjj3AR8Aj@3Aaj L3j@R0c sCj@  UnaURc3 R8 03q3IRUCN<  ,RNc3Ncnc
kS
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
7C<na3 lY9Y pIC0jCRN a3cnIjc R8 j@3 M3jK?+,RNc L3j@R0Y i@3 UIRj c@Rsc
j@a33 <aRnUc R8 ,RLUaCcRNc. 8aRL j@3 I38j- VSW M3jK?+,RNc. M3jK?+UN
N0 M3jK?+ 8Ra j@3 II3I3c ,RLLRN $3js33N jaCNCN< N0 qIC0jCRN c3jcd
VlW M3jK?+,RNc N0 M3jK?+UN 8Ra II II3I3c CN j@3 qIC0jCRN c3jd VkW
M3jK?+,RNc. M3jK?+UN N0 TC,GTR,G3j 8Ra II3I3c NRj CN,In030 CN j@3 jaCNA
CN< 0j N0 @qCN< /≥zYSY bC<NC~,Nj 0C{3a3N,3 $3js33N Nw jsR L3j@R0c Cc
CN0C,j30 $w cjac N0 sc ,I,nIj30 ncCN< UCa30 RN3AjCI30 jAj3cjY
L3j@R0 j@j ,RNcCcj3NjIw UaRqC03c j@3 LRcj ,,naj3 Ua30C,jCRNc 8Ra
Nw <Cq3NK?+LRI3,nI3Y iR j@3 $3cj R8 Rna GNRsI30<3. j@Cc cjn0w NA
IwyCN< N0 ,RL$CNCN< c3q3aI 0C{3a3Nj L3j@R0c CN N II3I3AcU3,C~,
LNN3a Cc j@3 ~acj R8 Cjc GCN0Y ?qCN< CNqRIq30 II3I3AcU3,C~,
VM3jK?+W N0 UNAcU3,C~, VM3jK?+UN N0 TC,GTR,G3jW L3j@R0c.
jsR 0C{3a3Nj ,RN0CjCRNc s3a3 NIwy30 CN Rna cjn0wY 7Cacj R8 II. C8
j@3 <Cq3N K?+ II3I3 @0 3aIC3a $33N ,@a,j3aCy30. j@3N II j@a33
L3j@R0c N0 j@3Ca ,RL$CNjCRNc s3a3 NIwy30Y ?3a3. s3 8RnN0
j@j j@3 Ua30C,jCRN ,,na,w R8 j@3 II3I3AcU3,C~, M3jK?+ L3j@R0
03U3N030 cjaRN<Iw RN j@3 NnL$3a R8 0j qCI$I3 ,@a,j3aCyCN< j@3
<Cq3N II3I3 N0 03LRNcjaj30 j@j 8RaK?+LRI3,nI3c j@j a3 URRaIw
,@a,j3aCy30. j@3 M3jK?+UN L3j@R0 Cc j@3 $3cj Ua30C,jRaY QN j@3
Rj@3a @N0. CN,a3cCN< NnL$3a R8 0j URCNjc N0 $CN03ac qCI$I3
8Ra j@3 K?+ LRI3,nI3 CN \n3cjCRN. j@3 M3jK?+ L3j@R0 $3,RL3c
CLURajNj N0 j@3 ,RL$CNjCRN R8 j@Cc L3j@R0 sCj@ M3jK?+UN
kl
lYlY TU3a B
UaRqC03c j@3 LRcj ,,naj3 Ua30C,jCRNcY i@3c3 ,RN,IncCRNc a3 CN
<a33L3Nj sCj@ N 3aIC3a a3URaj )kl*Y
i@3 qcj LERaCjw R8 K?+ LRI3,nI3c a3LCN nN,@a,j3aCy30 CN
j3aLc R8 j@3Ca $CN0CN< cU3,C~,CjwY 7Ra j@Cc a3cRN. c3q3aI UNAcU3,C~,
L3j@R0c @q3 $33N 03q3IRU30 ):S. :l. kk. kS*Y KRa3Rq3a. c3q3aI Un$A
IC,jCRNc @q3 03LRNcjaj30 j@3 CLURajN,3 R8 03c,aC$CN< j@3 cn$jI3
0C{3a3N,3c CN $CN0CN< cU3,C~,Cjw $3js33N K?+LRI3,nI3c CN Ra03a jR
nN03acjN0 ,3IInIa CLLnN3 a3cURNc3c R8  <Cq3N @Rcj jR N CN83,jCRN
):k. ::. :9. :f*Y BN Rna NIwcCc. s3 ,RNcC03a30 jsR R8 j@3 UNAcU3,C~,
L3j@R0c M3jK?+UN N0 TC,GTR,G3j. $Rj@ $3CN< $I3 jR UaR0n,3 @C<@
,,na,w Ua30C,jCRNc 8Ra K?+ LRI3,nI3c sCj@ ICLCj30 Ra NR $CN0CN<
0j qCI$I3Y i@3c3 L3j@R0c s3a3 $3N,@LaG30 nN03a j@3 ,RN0CA
jCRNc s@3N j@3 II3I3 CN \n3cjCRN sc NRj Uaj R8 j@3 jaCNCN< 0j
c3j 3LUIRwCN<  HQQ UUaR,@Y r3 03LRNcjaj30 j@j j@3 U3a8RaA
LN,3 R8 $Rj@ L3j@R0c a30n,3c sCj@ CN,a3c30 0CcjN,3 jR j@3 N3aA
3cj K?+ LRI3,nI3 sCj@ ,@a,j3aCy30 $CN0CN< cU3,C~,CjwY i@Cc Cc CN
<a33L3Nj sCj@ Ua3qCRnc cjn0C3c )kS*Y BN Rna cjn0w. s3 00CjCRNIIw
CNq3cjC<j30 @Rs j@3 U3a8RaLN,3 R8 $Rj@ L3j@R0c N0 j@3Ca ,RL$CA
NjCRN 03U3N030 RN j@3 0CcjN,3 jR j@3 ,IRc3cj ,@a,j3aCy30 K?+
LRI3,nI3Y j cLII 0CcjN,3c. M3jK?+UN 03LRNcjaj30  cnU3aCRa
U3a8RaLN,3. s@C,@ sc NRj LCNjCN30 s@3N j@3 0CcjN,3 CN,a3c30
N0 j Ia<3a 0CcjN,3c j@3 ,RNjaC$njCRN R8 j@3 TC,GTR,G3jL3j@R0 sc
03LRNcjaj30 jR $3 CLURajNj s@3N ,RL$CN30 sCj@ j@3 M3jK?+UNY
i@Cc Cc CN ,,Ra0N,3 sCj@ j@3 sRaG $w )kS*Y  ,RNc3Ncnc L3j@R0 03A
~N30 c ,RL$CNjCRN R8 M3jK?+UN N0 TC,GTR,G3jsc @3N,3 c@RsN
jR U3a8RaLsCj@ j@3 @C<@3cj ,,na,w 8Ra K?+LRI3,nI3c sCj@  Ia<3
0CcjN,3 jR K?+ LRI3,nI3c sCj@ ,@a,j3aCy30 $CN0CN< cU3,C~,CjwY
i@3 ~NI M3jK?+,RNc L3j@R0 sc qIC0j30 ncCN<  0Cq3ac3 CNA
03U3N03Nj 3qInjCRN c3jY Bj sc 03LRNcjaj30 j@j M3jK?+,RNc
,@C3q30 j@3 @C<@3cj U3a8RaLN,3 ,RLUa30 sCj@ 3,@ c3Uaj3
L3j@R0 CN,In030 CN j@Cc NIwcCcY i@Cc Cc. jR Rna GNRsI30<3. j@3 ~acj
,RNc3Ncnc L3j@R0 03~N30 c ,RL$CNjCRN R8 j@a33 0C{3a3Nj L3j@A
R0c. s@C,@ CNqRIq3 $Rj@ II3I3AcU3,C~, N0 UNAcU3,C~, UUaR,@3cY
Qna NIwcCc 03LRNcjaj30 @Rs c3q3aI L3j@R0c ,RnI0 $3 ,RL$CN30
CNjR RN3 ,U$I3 R8 UaR0n,CN< j@3 LRcj ,,naj3 Ua30C,jCRNc 8Ra Nw
<Cq3N II3I3Y bn,@  L3j@R0 Cc R8 @C<@ CLURajN,3 jR j@3 NRNA3uU3aj
nc3a IIRsCN< CN N njRLj30 LNN3a jR R$jCN ,,naj3 Ua30C,jCRNc
R8 $CN0CN< jR Nw K?+ ,Icc B LRI3,nI3 R8 CNj3a3cj N0 IcR cn<<3cjc
j@j  cCLCIa UUaR,@ LC<@j $3 3LUIRw30 jR CLUaRq3 j@3 ,,na,w
R8 K?+ ,Icc BB Ua30C,jRacY
b3q3aI Rj@3a @C<@ U3a8RaLCN< L3j@R0c a3 Un$IC,Iw qCI$I3 8Ra
K?+ ,Icc B Ua30C,jCRNc CN,In0CN< j@3 q3a<3 a3IjCq3 $CN0CN< V`#W
kk
+@Uj3a lY M3jK?+,RNc-  ,RNc3Ncnc L3j@R0 8Ra K?+ ,Icc B Ua30C,jCRNc
LjaCuL3j@R0 ):e* N0 j@3 cj$CICy30LjaCuL3j@R0 VbKKW ):4*. $Rj@
qCI$I3 c Uaj R8 j@3 B2/# jRRIc 8Ra K?+ ,Icc B $CN0CN< Ua30C,jCRNY
MRN3 R8 j@3c3 L3j@R0c @q3 $33N CN,In030 CN j@Cc cjn0wY BN Ra03a jR
03~N3  ,RNc3Ncnc L3j@R0.  Ia<3 CN03U3N03Nj 3qInjCRN 0j c3j
Cc N33030 8Ra R$jCNCN<  a3IC$I3 U3a8RaLN,3 3cjCLj3 R8 j@3 0C{3aA
3Nj L3j@R0c N0 ~N0CN< j@3Ca RUjCLI ,RL$CNjCRNY i@3 8,j j@j j@3
3qInjCRN 0j Lncj $3 Ia<3 N0 CN03U3N03Nj LG3c Cj jaRn$I3cRL3
jR CN,In03 Un$IC,Iw qCI$I3 L3j@R0 CN j@3 $3N,@LaG NIwcCcY B8 s3
03~N3  Ia<3 $3N,@LaG 0j. Ia<3 Uajc R8 j@3 0j sCII LRcj ICG3Iw
@q3 $33N CN,In030 CN j@3 jaCNCN< R8 j@3 0C{3a3Nj L3j@R0c N0 j@3
3qInjCRN sCII $3 3aaRN3Rnc 0n3 jR Rq3a~jjCN<Y B8 s3 ICLCj Rnac3Iq3c
jR a3,3NjIw Un$ICc@30 0j j@jLRcj ICG3Iw @c NRj $33N CN,In030 CN j@3
jaCNCN< R8 j@3 0C{3a3Nj L3j@R0. j@3 3qInjCRN 0j c3j $3,RL3 jRR
cLII jR IIRs 8Ra  aR$ncj L3j@R0 3qInjCRNY QNIw $w a3jaCNCN< j@3
L3j@R0c RN j@3 Ia<3 0j c3j ,N s3 LCNjCN  Ia<3 N0 CN03U3NA
03Nj 3qInjCRN 0j c3j IIRsCN< 8Ra  aR$ncj N0 nN$Cc30 3qInjCRN
R8 j@3 0C{3a3Nj L3j@R0c CN,In030 CN j@3 $3N,@LaGY BN,In0CN< NRNA
CNA@Rnc3 L3j@R0c sRnI0 a3\nCa3 3uU3aj GNRsI30<3 R8 3,@ L3j@R0
N0 @3N,3 Lncj $3 ,aaC30 Rnj c  ,RII$RajCq3 3{Raj $3js33N j@3
nj@Rac R8 j@3 0C{3a3Nj L3j@R0 N0 Cc $3wRN0 j@3 c,RU3 R8 j@Cc UA
U3aY r3 LC<@j cn<<3cj j@j cn,@ N 3{Raj c@RnI0 $3 ,aaC30 Rnj CN j@3
8njna3 IRN< j@3 ICN3c R8 Ua3qCRnc $3N,@LaG cjn0C3c )kO. l4*Y
BN ,RN,IncCRN. s3 @q3 03~N30  L3j@R0. M3jK?+,RNc. CN j3aLc
R8 j@3 M3jK?+UN L3j@R0 N0 Cjc ,RL$CNjCRNc sCj@ M3jK?+ N0
TC,GTR,G3j $c30 RN ,RN0CjCRNc 03~NCN< j@3 K?+ LRI3,nI3 CN \n3cA
jCRNY i@3 L3j@R0 Cc CLUI3L3Nj30 c  s3$ c3aq3a IIRsCN< j@3 nc3a
CN N njRLjC, LNN3a jR R$jCN RUjCLI Ua30C,jCRNc 8Ra Nw K?+
,Icc B LRI3,nI3 R8 CNj3a3cjY
,GNRsI30<3L3Njc i@Cc sRaG sc cnUURaj30 $w jsR MB? VMjCRNI
BNcjCjnj3c R8 ?3Ij@W <aNjc V,RNja,j NRY ??bMlellzzOzzz:9+. N0
,RNja,j NRY ??bMMlffzz:zzzzf+WY
k:
Chapter3
M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0
8Ra K?+ ,Icc BB Ua30C,jCRNc
B ϩj@3 Ua3qCRnc ,@Uj3as3 03LRNcjaj30 j@3 URs3a R8K?+ ,Icc BUa30C,jCRN L3j@R0c N0 @Rs j@3w @q3 $33N 3uUN030 jR $3 UAUIC30 jR NRNA@nLN cU3,C3c c s3II. N0 ,RL$CN30 jR CLUaRq3
j@3Ca Ua30C,jCq3 ,,na,wY ?Rs3q3a. CN ,RLUaCcRN j@3 cCjnjCRN 8Ra
K?+ ,Icc BB Cc 8a $3@CN0Y bjan,jnaI 0C{3a3N,3c $3js33N K?+
LRI3,nI3c 3N,R030 $w 0C{3a3Nj IR,C @q3 $33N ICLCjCN< j@3 03q3IRUA
L3Nj R8 ,aRccAIR,C N0 ,aRccAcU3,C3c UNAcU3,C~, L3j@R0cY 00CjCRNA
IIw. j@3 LRnNj R8 $CN0CN< 0j qCI$I3 8Ra K?+ ,Icc BB LRI3,nI3c.
3cU3,CIIw ?HA/T N0 ?HA/[. Cc q3aw ICLCj30 N0 ,Rq3ac RNIw 
cLII 8a,jCRN R8 j@3 j@RncN0c R8 3uCcjCN< LRI3,nI3cY KRa3Rq3a. c
RUURc30 jR ?HA/T N0 ?HA/[. ?HA/` LRI3,nI3c a3 URIwLRaA
U@C, RNIw CN j@3Ca $3j ,@CNY 7Ra j@3c3 a3cRNc. ,Icc BB UNAcU3,C~,
Ua30C,jCRN L3j@R0c @q3 cR 8a $33N ICLCj30 jR ?HA/` LRI3,nI3cY
i@Cc ,@Uj3a Ua3c3Njc  NRq3I UNAcU3,C~, L3j@R0 ,U$I3 R8 Ua30C,jA
CN< U3UjC03c $CN0CN< jR II ?H ,Icc BB LRI3,nI3c sCj@  GNRsN UaRA
j3CN c3\n3N,3Y i@3 8RIIRsCN< c3,jCRN Ua3c3Njc 03jCIc $Rnj 03q3IRUA
L3Nj R8 j@3 L3j@R0 N0 <Cq3c Cjc $3N,@LaGCN< a3cnIjcY
kYS TU3a BB
i@3 8RIIRsCN< UU3a sc Un$ICc@30 CN j@3 ERnaNI BLLnNR<3N3jC,c CN
DnIw lzSk V2Un$ @30 R8 UaCNjWY bnUUI3L3Njaw Lj3aCI 8Ra j@Cc UA
U3a Cc CN,In030 CN UU3N0Cu #Y
k9

kYSY TU3a BB
M3jK?+BBUNAkYz.  ,RLLRN UNAcU3,C~, K?+
,Icc BB Ua30C,jCRN L3j@R0 CN,In0CN< II j@a33
@nLN K?+ ,Icc BB CcRjwU3c. ?HA/`. ?HA/T
N0 ?HA/[
20Cj FaRcC3N31. KC,@3I `cLncc3N2. i@RLc #IC,@3a3. QI3 HnN01.
bǹa3N #nnc2. N0 KRaj3N MC3Ic3N1,4
1+3Nj3a 8Ra #CRIR<C,I b3\n3N,3 NIwcCc. /3UajL3Nj R8 bwcj3Lc #CRIR<w. i3,@NC,I
mNCq3acCjw R8 /3NLaG. /FAl4zz HwN<$w. /3NLaG
2H$RajRaw R8 2uU3aCL3NjI BLLnNRIR<w. 7,nIjw R8 ?3Ij@ b,C3N,3c. mNCq3acCjw R8
+RU3N@<3N. /FAllzz +RU3N@<3N. /3NLaG
3i@3 MRqR MRa0CcG 7RnN0jCRN +3Nj3a 8Ra TaRj3CN `3c3a,@. 7,nIjw R8 ?3Ij@ N0 K30C,I
b,C3N,3c. mNCq3acCjw R8 +RU3N@<3N. /FAllzz +RU3N@<3N. /3NLaG
4BNcjCjnjR 03 BNq3cjC<,CRN3c #CRj3,NRIƽ<C,c. mNCq3acC00 M,CRNI 03 bN KajŝN. bN
KajŝN. #n3NRc Ca3c. a<3NjCN
$cja,j
KERa @CcjR,RLUjC$CICjw ,RLUI3u ,Icc BB VK?+BBW LRI3,nI3c UIw
N CLURajNj aRI3 CN ,3IIAL30Cj30 CLLnNCjwY i@3w Ua3c3Nj cU3,C~,
U3UjC03c 03aCq30 8aRL 3N0RcRLI UaRj3CNc 8Ra a3,R<NCjCRN $w i @3IU3a
,3IIcY i@3 C03NjC~,jCRN R8 U3UjC03c j@j $CN0 jR K?+BB LRI3,nI3c Cc
j@3a38Ra3 R8 <a3j CLURajN,3 8Ra nN03acjN0CN< j@3 Njna3 R8 CLLnN3
a3cURNc3c N0 C03NjC8wCN< i ,3II 3UCjRU3c 8Ra j@3 03cC<N R8 N3s q,A
,CN3c N0 CLLnNRj@3aUC3cY ;Cq3N j@3 Ia<3 NnL$3a R8 K?+ qaCNjc.
N0 j@3 ,RcjIw 3uU3aCL3NjI UaR,30na3c N33030 jR 3qInj3 CN0CqC0nI
U3UjC03ĢK?+ CNj3a,jCRNc. ,RLUnjjCRNI Ua30C,jCRNc @q3 $3,RL3
UajC,nIaIw jja,jCq3 c ~acjAICN3 L3j@R0c CN 3UCjRU3 0Cc,Rq3awY ?RsA
3q3a. RNIw  83s cRA,II30 UNAcU3,C~, Ua30C,jCRN L3j@R0c ,U$I3 R8
Ua30C,jCN< $CN0CN< jR NwK?+LRI3,nI3sCj@ GNRsNUaRj3CN c3\n3N,3
a3 ,naa3NjIw qCI$I3. N0 II R8 j@3L a3 ICLCj30 jR ?HA/`Y ?3a3.
s3 Ua3c3Nj j@3 ~acj UNAcU3,C~, L3j@R0 ,U$I3 R8 Ua30C,jCN< U3UjC03
$CN0CN< jR Nw ?H ,Icc BB LRI3,nI3 sCj@  03~N30 UaRj3CN c3\n3N,3Y
i@3 L3j@R0 3LUIRwc  cjaj3<w ,RLLRN 8Ra ?HA/`. ?HA/T N0
?HA/[ LRI3,nI3c jR 03~N3 j@3 U3UjC03A$CN0CN< K?+ 3NqCaRNL3Nj
CN j3aLc R8  Uc3n0R c3\n3N,3Y i@Cc cjaj3<w IIRsc j@3 CN,IncCRN R8
N3s LRI3,nI3c 3q3N 8aRL Rj@3a cU3,C3cY i@3 L3j@R0 sc 3qInj30 CN
c3q3aI $3N,@LaGc N0 03LRNcjaj3c  cC<NC~,Nj CLUaRq3L3Nj Rq3a
LRI3,nI3AcU3,C~,L3j@R0c cs3II c j@3 $CICjw jR Ua30C,j U3UjC03 $CN0A
CN< R8 Ua3qCRncIw nN,@a,j3aCc30 K?+BB LRI3,nI3cY iR j@3 $3cj R8 Rna
GNRsI30<3. j@3 M3jK?+BBUNAkYz L3j@R0 Cc j@3 ~acj UNAcU3,C~, Ua3A
0C,jRa ,Rq3aCN< II ?H ,Icc BB LRI3,nI3c sCj@ GNRsN c3\n3N,3c CNA
,In0CN<?HA/`.?HA/T. N0?HA/[Y i@3M3jK?+UNAkYzL3j@R0
Cc qCI$I3 j @jjU-ggsssY,$cY0jnY0Ggc3aqC,3cgM3jK?+BBUNAkYzY
F3wsRa0c K?+ ,Icc BB Ȁ i ,3II 3UCjRU3 Ȁ K?+ $CN0CN< cU3,C~,Cjw Ȁ
T3UjC03ĢK?+ $CN0CN< Ȁ ?nLN I3nGR,wj3 NjC<3Nc Ȁ ajC~,CI N3naI
N3jsRaGc
ke
+@Uj3a kY M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0 8Ra K?+ ,Icc BB Ua30C,jCRNc
kYSYS BϩАЁϱβЛΫАϔϱϩ
KERa @CcjR,RLUjC$CICjw ,RLUI3u VK?+W LRI3,nI3c UIw  G3w aRI3
CN 03~NCN< j@3 cU3,C~,Cjw R8 j@3 ,3IInIa CLLnN3 cwcj3L $w Ua3A
c3NjCN< NjC<3Nc jR j@3 CLLnN3 cwcj3L ,3IIcY BN ,c3 R8 K?+ ,Icc
BB LRI3,nI3c. j@3c3 ,3IIc a3 i @3IU3a IwLU@R,wj3c j@j a3,R<NCy3
U3UjC03ĢK?+ ,RLUI3u3c RN j@3 cna8,3 R8 NjC<3NAUa3c3NjCN< ,3IIcY
T3UjC03c Ua3c3Nj30 $w K?+ ,Icc BB LRI3,nI3c a3 03aCq30 8aRL UaRA
j3CNc jG3N nU 8aRL j@3 3uja,3IInIa 3NqCaRNL3NjY r@3a3c  Ia<3
NnL$3a R8 U3UjC03c ,N $3 <3N3aj30 8aRL Uj@R<3NC, UaRj3CNc. RNIw
 cLII Uaj R8 j@3c3 jaC<<3a N CLLnN3 a3cURNc3Y QN3 R8 j@3 LRcj
CLURajNj 3q3Njc 03~NCN< s@C,@ U3UjC03c sCII jaC<<3a N CLLnN3 a3A
cURNc3 Cc $CN0CN< jR K?+BB LRI3,nI3c 3uUa3cc30 $w j@3 @Rcj )S:*Y
i@3 @nLN K?+ IR,nc VCN @nLNc ,II30 ?H 8Ra @nLN I3nGRA
,wj3 NjC<3NcW Cc 3uja3L3Iw URIwLRaU@C, N0 3N,R03c j@RncN0c R8
0C{3a3Nj ?H ,Icc BB LRI3,nI3cY +@a,j3aCcCN< j@3 U3UjC03A$CN0CN<
cU3,C~,CjC3c R8 II j@3 URIwLRaU@C, K?+ ,Icc BB LRI3,nI3c Cc  c3A
aCRnc 3uU3aCL3NjI ,@II3N<3Y i@3a38Ra3. 0naCN< j@3 Icj 03,03c.
Ia<3 3{Rajc @q3 $33N Unj CNjR j@3 03q3IRUL3Nj R8 CN cCIC,R L3j@R0c
8Ra Ua30C,jCN< U3UjC03A$CN0CN< |NCjC3c jR K?+ ,Icc BB LRI3,nI3cY
mcCN< j@RncN0c R8 U3UjC03A$CN0CN< 0j URCNjc. c3q3aI Ua30C,jRac
@q3 $33N 03q3IRU30 N0 $3N,@LaG30 V8Ra a3qC3s. c33 )Sz*WY QN3
q3aw CLURajNj cn$c3j R8 j@3c3 Ua30C,jRac ,RNcCcjc R8 j@3 cRA,II30
UNAcU3,C~, L3j@R0c j@j a3 ,U$I3 R8 R$jCNCN< ,,naj3 Ua30C,A
jCRNc 8Ra LRI3,nI3c sCj@ ICLCj30 Ra NR $CN0CN< 0j ):O. 9z. 9S. 9l*Y 7Ra
K?+ ,Icc B Ua30C,jCRN. Cj @c $33N 03LRNcjaj30 j@j  UNAcU3,C~,
UUaR,@ ,N $3N3~j 8aRL $3CN< jaCN30 RN ,aRccAIR,C. N0 3q3N
,aRccAcU3,C3c. 0jY i@j Cc. j@3 Ua30C,jCq3 U3a8RaLN,3 8Ra ?HA# IRA
,nc LRI3,nI3c Cc CLUaRq30 s@3N CN,In0CN< ?HA IR,nc 0j CN j@3
jaCNCN< R8 j@3 UNAcU3,C~, K?+ ,Icc B $CN0CN< Ua30C,jCRN L3j@R0
VN0 qC,3 q3acW. N0 j@3 Rq3aII U3a8RaLN,3 R8 Ua30C,jCRNc R8 ?H
LRI3,nI3c Cc CLUaRq30 s@3N CN,In0CN< $CN0CN< 0j a3Ua3c3NjCN<
NRNA@nLN K?+ LRI3,nI3c )kf*Y 2uj3N0CN< j@Cc UUaR,@ jR K?+
,Icc BB Cc NRj  jaCqCI jcGY /C{3a3N,3c CN c3\n3N,3 URIwLRaU@CcL
N0 ,Raa3cURN0CN< 03jCIc CN j@3 LRI3,nIa cjan,jna3c ,aRcc j@3 0C8A
83a3Nj K?+ ,Icc BB IR,C ,RLUIC,j3 j@3 03q3IRUL3Nj R8 ,aRccAIR,C N0
,aRccAcU3,C3c jaCNCN< cjaj3<C3cY i@Cc. ,RL$CN30sCj@ j@3 q3aw ICLCj30
LRnNj R8 0j qCI$I3 8Ra LRcj K?+ ,Icc BB LRI3,nI3c. @c ICLA
Cj30 j@3 UUIC,jCRN R8 UNAcU3,C~, L3j@R0c jR ?HA/` LRI3,nI3cY
i@3 nN03acjN0CN< R8 ?HA/T N0 ?HA/[ $CN0CN< cU3,C~,CjC3c Cc
ICLCj30 jR  @N08nI R8 LRI3,nI3c s@C,@ @q3 $33N ,@a,j3aCc30 3uA
U3aCL3NjIIw. N0 $3wRN0  83s LRnc3 ?Al LRI3,nI3c. jR j@3 $3cj R8
k4
kYSY TU3a BB
Rna GNRsI30<3. NR <3N3aI K?+ ,Icc BB Ua30C,jCRN L3j@R0 Cc qCIA
$I3 8Ra NRNA@nLN UaCLj3c N0 Rj@3a NRNA@nLN cU3,C3cY
i@3 NnL$3a R8 cjj3AR8Aj@3Aaj UNAcU3,C~, L3j@R0c 8Ra K?+
,Icc BB LRI3,nI3c qCI$I3 nU jR 0j3 Cc q3aw ICLCj30Y i@3 ,IccC,I
K?+ ,Icc BB Ua30C,jRa. i2TBiQT2 )9k*. nc3c URcCjCRNAcU3,C~, c,RaA
CN< LjaC,3c 03aCq30 8aRL 3uU3aCL3NjI 0jY i@3 L3j@R0 Cc. @RsA
3q3a. ICLCj30 jR 9S ?HA/` LRI3,nI3c RNIwY BN 00CjCRN jR j@Cc.
 i2TBiQT2UN Ua30C,jRa @c $33N 03q3IRU30 )S4* $w 3ujaURIjA
CN< 8aRL j@3 $CN0CN< cU3,C~,CjC3c R8 j@3 LRI3,nI3c ,@a,j3aCc30 $w
i2TBiQT2Y i@3 L3j@R0 Cc $c30 RN K?+ UR,G3j cCLCIaCjC3c N0 Cc
,U$I3 R8 UaRqC0CN< Ua30C,jCRNc 8Ra Nw?HA/`LRI3,nI3Y i@3 cL3
Cc ,@C3q30 $w j@3M3jK?+BBUNAlYzUa30C,jRa )9z*. s@C,@ RnjU3a8RaLc
j@3 i2TBiQT2UN L3j@R0 CN j3aLc R8 Ua30C,jCRN ,,na,w )S4*Y i@3
L3j@R0 Cc $c30 RN ajC~,CI N3naI N3jsRaGc N0 nc3c N K?+ $CN0A
CN< UR,G3j Uc3n0R c3\n3N,3 ,RL$CN30 sCj@ j@3 U3UjC03 c3\n3N,3 c
N CNUnjY HCG3 j@3 i2TBiQT2UN L3j@R0. M3jK?+BBUNAlYz Ua30C,jc
$CN0CN< 8Ra II ?HA/` LRI3,nI3c sCj@  GNRsN UaCLaw c3\n3N,3Y
BN j@Cc UU3a. s3 Ua3c3Nj  NRq3I UNAcU3,C~, Ua30C,jRa ,U$I3
R8 Ua30C,jCN< $CN0CN< |NCjC3c jR II ?H ,Icc BB LRI3,nI3cY i@3
L3j@R0 Cc $c30 RN ajC~,CI N3naI N3jsRaGc N0 @c $33N jaCN30 RN
LRa3 j@N 9z.zzz \nNjCjjCq3 U3UjC03A$CN0CN< L3cna3L3Njc ,Rq3aA
CN<?HA/`.?HA/T.?HA/[cs3II c jsRLnaCN3LRI3,nI3cY mcA
CN<  UN3I R8 $3N,@LaG c3jnUc. s3 c33G jR CNq3cjC<j3 jR s@j 3uj3Nj
j@3 UNAcU3,C~, L3j@R0 RnjU3a8RaLc II3I3AcU3,C~, UUaR,@3c N0
s@3j@3a Cj ,N R$jCN ,,naj3 Ua30C,jCRNc 3q3N 8Ra ?H LRI3,nI3c.
s@C,@ @q3 NRj $33N 3uU3aCL3NjIIw ,@a,j3aCc30Y aaCqCN< j  jan3
UNAcU3,C~, L3j@R0 3N$ICN< Ua30C,jCRN R8 j@3 $CN0CN< cU3,C~,Cjw 8Ra
II ?HABB LRI3,nI3c. s3 3N0 j@3 NIwcCc $w ,RN0n,jCN< j@3 ~acj
<IR$I NIwcCc ,Rq3aCN< II Ua3qI3Nj ?HABB LRI3,nI3c. CNq3cjC<jCN<
N0 \nNjC8wCN< j@3 8nN,jCRNI 0Cq3acCjw R8 j@3 LRI3,nI3c 3N,R030 j
j@3 j@a33 ?HABB IR,CY
kYSYl KΞАζЁϔΞϣЅ Ξϩβ KζАϑϱβЅ
/j c3jc
iaCNCN< 0j nc30 jR 03q3IRU j@3 L3j@R0 ,RNcCcj30 R8 \nNjCjjCq3
K?+ ,Icc BB U3UjC03A$CN0CN< 0j a3jaC3q30 8aRL j@3 B2/# 0j$c3
):z*Y BN jRjI. j@3 jaCNCN< 0j c3j ,RLUaCc3c 9l.zfl 0j URCNjc
,Rq3aCN< l: ?HA/`. ~q3 ?HA/T. cCu ?HA /[ N0 jsR LRnc3
V?AlW LRI3,nI3cY II LRI3,nI3c s3a3 ,Rq3a30 $w LRa3 j@N 9z U3UA
jC03 $CN0CN< 0j URCNjc L3cna30 c B+9zg2+9z qIn3c s@C,@ s3a3
kO
+@Uj3a kY M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0 8Ra K?+ ,Icc BB Ua30C,jCRNc
IR<AjaNc8RaL30 jR 8II CN j@3 aN<3 $3js33N z N0 S ncCN< j@3 a3IjCRN
S−IR<VB+9zNKWgIR<V9z.zzzW )lz*Y i@3 3qInjCRN c3j sc a3cjaC,j30
jR ?HA/` LRI3,nI3c N0 ,RNjCN30 O.4fz $CN0CN< |NCjw L3cna3A
L3Njc ,Rq3aCN< Sk LRI3,nI3c. 8Rna R8 s@C,@ s3a3 NRj CN,In030 CN j@3
jaCNCN< c3jY  cnLLaw R8 j@3 0j nc30 jR 03q3IRU j@3 L3j@R0 Cc
Ua3c3Nj30 CN i$I3 #YS. N0 3qInjCRN 0j c3j 03jCIc a3 <Cq3N CN iA
$I3 #YlY
KUUCN< R8 K?+ LRI3,nI3c
7Ra ,RNcjan,jCN< j@3M3jK?+BBUNL3j@R0. IIK?+,Icc BBLRI3,nI3c
N330 jR $3 LUU30 jR  ,RLLRN a383a3N,3 c3\n3N,3Y i@Cc Cc 0RN3
$w IC<NCN< IU@ N0 $3j ,@CN c3\n3N,3c R8 II K?+ LRI3,nI3c jR
j@3 a383a3N,3 c3\n3N,3c. /`S!zSzS N0 /`#S!zSzSY 7Ra ?HA/`
LRI3,nI3c. j@3 LUUCN< RN  c3\n3N,3 I3q3I Cc CN <a33L3Nj sCj@ j@3
LUUCN< RN j@3 cjan,jnaI I3q3IY QN j@3 Rj@3a @N0. ?HA/T N0
?HA/[ LRI3,nI3c 03LRNcjaj3 LCNRa qaCjCRNc 8aRL ?HA/` CN
j@3 U3UjC03A$CN0CN< 0RLCN CN $Rj@ j@3 IU@ N0 $3j ,@CNcY iR
3qInj3 j@3 cjan,jnaI CLU,j R8 j@3c3 qaCjCRNc. s3 3LUIRw30 j@3
NIwcCc 03c,aC$30 $3IRsY i@3 NIwcCc Cc $c30 RN j@3 ~q3 qCIA
$I3 cjan,jna3c cRIq30 8Ra ?HA/T N0 ?HA/[ LRI3,nI3c. s@C,@
a3 ,RLUa30 jR  a3Ua3c3NjjCq3 @C<@Aa3cRInjCRN ?HA/` cjan,jna3
c3I3,j30 LRN< j@3 Ia<3 NnL$3a R8 cjan,jna3c qCI$I3 8Ra ?HA/`
LRI3,nI3cY i@3 ICcj R8 qCI$I3?HA/T N0?HA/[ cjan,jna3c 8aRL
j@3 TaRj3CN /j #NG VT/#W Cc <Cq3N CN i$I3 kYSY
i$I3 kYSY bjan,jna3c R8 II ?HA/T N0 ?HA/[ LRI3,nI3c qCI$I3 CN j@3
T/# 0j$c3Y
T/# B/ IU@ ,@CN #3j ,@CN
kH[x ?HA/TS!zSzk ?HA/T#S!zlzS
Smp[ ?HA/[S!zSzl ?HA/[#S!zfzl
SDF4 ?HA/[S!zkzl ?HA/[#S!zkzl
SbOp ?HA/[S!z9zS ?HA/[#S!zlzS
lMM ?HA/[S!zkzS ?HA/[#S!zkzl
N ?HA/` VT/# B/- Sf )Sf*W cjan,jna3 sc ,@Rc3N c  a38A
3a3N,3. N0 j@3 ?HA/[ N0 ?HA/T cjan,jna3c s3a3 IC<N30 jR j@3
$CN0CN< 0RLCN R8 j@Cc a383a3N,3 LRI3,nI3 V7C<na3 kYSWY i@3 cnU3aA
CLURcCjCRNc s3a3 U3a8RaL30 CN TwKQH )Se* N0 03LRNcjaj3  @C<@
:z
kYSY TU3a BB
7C<na3 kYSY bnU3aCLURcCjCRN R8 ?HA/`. ?HA/T N0 ?HA/[ IU@
,@CNcY ?HA/` IU@ ,@CN VT/# B/- Sf )Sf*W Cc c@RsN CN w3IIRs N0 sc
nc30 c  a383a3N,3 ,@CNY ?HA/T ,@CN VT/# B/- kH[x )9:*W Cc c@RsN CN
<a33N. ?HA/[ ,@CN sCj@Rnj  <U VT/# B/- SDF4 )99*W Cc c@RsN CN RaN<3 N0
?HA/[ ,@CNsCj@  <U VT/# B/- SbOp )9f* Cc c@RsN CN $In3Y i@3 a3 {3,j30
$w j@3 03I3jCRN CN /[ c3\n3N,3 Cc ,Ca,I30Y
03<a33 R8 cjan,jnaI ,RNc3aqjCRN LRN< j@3 0C{3a3Nj IR,C V`Kb/ qIA
n3c $3js33N zYe N0 zY4 ¶WY
/naCN< j@3 NIwcCc. N CLURajNj qaCjCRN sc R$c3aq30
8Ra ?HA/[ LRI3,nI3c RNIw N0 sc CNq3cjC<j30 CN LRa3 03A
jCIY r3 R$c3aq30 j@j c3\n3N,3c $3IRN<CN< jR j@3 ?HA/[S!z:.
?HA/[S!z9 N0 ?HA/[S!zf c3aRjwU3 <aRnUc V3Y<Y c3\n3N,3c
ICG3 ?HA/[S!z:zSW 0CcUIw  cCN<I3 LCNR ,C0 03I3jCRN. s@C,@
8aRL  Una3 c3\n3N,3 URCNj R8 qC3s. ,Raa3cURN0c jR URcCjCRN 9k
CN ?HA/` )k:*Y ?Rs3q3a. j@Cc I30c jR  c@C8j R8 j@3 Ua3,30CN<
a3cC0n3c CN j@3 /[ c3\n3N,3c. s@C,@ NRs a3IC<N sCj@ /` URA
cCjCRNc 9l N0 9kY Ij@Rn<@ j@3 03I3jCRN {3,jc j@3 RaC3NjjCRN R8
j@3 c@Raj αA@3IC,I c3<L3Nj N0 j@3 IRRU Va3cC0n3c :9Ģ9lW N3uj jR j@3
TS $CN0CN< UR,G3j Va3 LaG30 CN 7C<na3 kYSW. j@3c3 ,@N<3c @q3
N3<IC<C$I3 CLU,j RN U3UjC03 $CN0CN<. c j@3 a3RaC3NjjCRN UU3ac
jR $3  IR,ICc30 ,@N<3. N0 q3aw 83s ,RNj,jc sCj@ j@3 U3UjC03 a3
R$c3aq30 sCj@CN j@3 a3Y /n3 jR j@3 LCNRa CLU,j R8 j@3 a3 0CcA
,ncc30 $Rq3 jR j@3 $CN0CN< R8 j@3 U3UjC03. N njRLj30 c3\n3N,3
IC<NL3Nj UUaR,@ sc ,@Rc3N jR C03NjC8w j@3 03I3jCRN CN ?HA/[
c3\n3N,3cY TCaAsCc3 c3\n3N,3 IC<NL3Njc s3a3 L03 N0 qCcnICy30
ncCN< +IncjIr )9e*Y 2,@ ?HA/[ c3\n3N,3 sc IC<N30 RN3 $w RN3
jR j@3 a383a3N,3 c3\n3N,3 R8 ?HA/`Y i@3 a3cnIjc a3 Ua3c3Nj30 CN
:S
+@Uj3a kY M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0 8Ra K?+ ,Icc BB Ua30C,jCRNc
7C<na3 kYlY 7C<na3 kYl c@Rsc j@3 IC<NL3Njc R8 ?HA/[ IU@ ,@CNc
sCj@ j@3 LCNR ,C0 03I3jCRN. s@CI3 7C<na3 kYl$ 03LRNcjaj3c IC<NA
L3Njc R8 ?HA/[ IU@ ,@CNc sCj@ NR 03I3jCRNcY i@3 IC<NL3Njc
03LRNcjaj30 j@j 8Ra II j@3 ?HA/[ c3\n3N,3c j@j @q3  03I3jCRN.
j@3 03I3jCRN Cc ,RNcCcj3NjIw 8RnN0 CN j@3 cL3 UI,3 VURcCjCRN 9k CN j@3
a383a3N,3 c3\n3N,3WY
7C<na3 kYlY Taj R8 c3\n3N,3 IC<NL3Njc R8 ?HA/[ IU@ ,@CNc jR ?HA/`
a383a3N,3 c3\n3N,3 R8 ?HA/`S!zSzS LRI3,nI3Y W b3\n3N,3 IC<NL3Njc
R8 ?HA/[ c3\n3N,3c sCj@ <Uc. $W 03LRNcjaj3c j@3 IC<NL3Nj R8 Rj@3a
?HA/[ LRI3,nI3c jR j@3 cL3 a383a3N,3 c3\n3N,3Y `383a3N,3 c3\n3N,3 N0
j@3 URcCjCRN ,Raa3cURN0CN< jR j@3 CNc3ajCRN a3 LaG30 CN $RI0Y i@3 IC<NL3Njc
s3a3 qCcnICy30 ncCN< +IncjIr )9e*Y
K?+ ,Icc BB Uc3n0R c3\n3N,3
7Ra ,RNcjan,jCN< j@3 M3jK?+BBUN L3j@R0. K?+ ,Icc BB LRI3,nI3c
s3a3 a3Ua3c3Nj30 $w  Uc3n0R c3\n3N,3 ,RNcCcjCN< R8 LCNR ,C0
a3cC0n3c CLURajNj 8Ra U3UjC03 $CN0CN<Y LCNR ,C0 a3cC0n3c ,RLA
UaCcCN< j@3 Uc3n0R c3\n3N,3 s3a3 03~N30 c @qCN< j@3Ca cC03
,@CNc URCNjCN< jRsa0c j@3 U3UjC03 N0 $3CN< sCj@CN :Yz ¶ R8 j@3
U3UjC03A$CN0CN< ,Ra3 CN RN3 RaLRa3 R8 j@3K?+ ,Icc BB cjan,jna3c VCNA
,In0CN< ?HA/`. ?HA/T N0 ?HA/[ LRI3,nI3cW qCI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:l
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U3a BB
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IC<N30 ncCN<
j@3 TwKQH LRI3,nIa qC3s3a )Se* N0 CNj3a,jCN< a3cC0n3 URcCjCRNc
3uja,j30 ,,Ra0CN< jR j@3 0CcjN,3 ,aCj3aCRNY LRN< j@3 CNj3a,jCN<
a3cC0n3c. RNIw j@Rc3 8RnN0 jR $3 URIwLRaU@C, ,aRcc j@3 c3\n3N,3c R8
K?+LRI3,nI3c nc30 8Ra j@3 jaCNCN< R8 j@3 L3j@R0 s3a3 ,RNcC03a30Y
i@3 ~NI Uc3n0R c3\n3N,3 Cc ,RLURc30 R8 S9 a3cC0n3c 8aRL j@3 IU@
,@CN N0 SO a3cC0n3c 8aRL j@3 $3j ,@CNY i@3 CNj3a,jCRN L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js33N j@3 U3UjC03 N0 K?+ Uc3n0R c3\n3N,3 Cc <Cq3N CN 7C<na3 kYkY
7C<na3 kYkY BNj3a,jCRN LU $3js33N j@3 U3UjC03 N0 K?+ ,Icc BB Uc3n0R
c3\n3N,3Y i@3 ,RInLNc <Cq3 j@3 K?+ URcCjCRN NnL$3aCN< c3Uaj3Iw 8Ra IA
U@ N0 $3j ,@CNc N0 a383a jR ?HA/`Y i@3 aRsc c@Rs U3UjC03 $CN0CN< ,Ra3
URcCjCRNcY `30 c\na3c LaGCN< CNj3a,jCRN $3js33N  UajC,nIa URcCjCRN R8 j@3
U3UjC03 N0 K?+ 03~N3 ,RNj,jc $3js33N ,Raa3cURN0CN< jsR a3cC0n3cY
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i@3 M3jK?+BBUNAkYz L3j@R0 sc CLUI3L3Nj30 c  ,RNq3NjCRNI
8330A8Rasa0 ajC~,CI N3naI N3jsRaG L3j@R0 c 03c,aC$30 CN 03A
jCI $w MC3Ic3N 3j IY )9z*Y i@3 N3jsRaGc s3a3 jaCN30 ncCN< 9A8RI0
,aRccAqIC0jCRNY i@3 0j c3j sc cUICj CNjR ~q3 <aRnUc R8 U3UjC03c
$c30 RN  ,RLLRN LRjC8 ,Incj3aCN< c 03c,aC$30 $w MC3Ic3N 3j IY
)9O*Y i@3 0C{3a3N,3 CN N3jsRaG a,@Cj3,jna3 8aRL j@3 cjn0w Ua3c3Nj30
$w MC3Ic3N 3j IY )9z* sc j@j N3jsRaG 3Nc3L$I3c s3a3 jaCN30 sCj@
Sz. S9. :z N0 fz @C003N N3naRNcY i@3 #HQbmK9zLjaCu sc nc30 jR
3N,R03 U3UjC03 N0 K?+ c3\n3N,3c 8Ra j@3 N3jsRaG jaCNCN<cY 2,@
jaCNCN< sc a3U3j30 Sz jCL3c sCj@ 0C{3a3Nj CNCjCI ,RN~<najCRN qIA
n3c c 03c,aC$30 CN MC3Ic3N 3j IY )9z*Y BN jRjI. :z V: 0C{3a3Nj NnL$3ac
R8 @C003N N3naRNc jCL3c Sz 0C{3a3Nj aN0RL c330cW N3jsRaGc s3a3
nc30 8Ra 3,@ jaCNCN<gj3cj c3j ,RL$CNjCRN I30CN< jR lzz V9 8RI0c
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BN Ra03a jR cc3cc j@3 Ua30C,jCq3 U3a8RaLN,3 R8 j@3L3j@R0 CN j@3 cCjnA
jCRN s@3a3 LRI3,nI3 Cc NRj Uaj R8 j@3 jaCNCN< 0j.  I3q3ARN3ARnj
VHQQW UUaR,@ sc UUIC30Y mcCN< HQQ. j@3 $CN0CN< 0j 8Ra j@3
LRI3,nI3 CN \n3cjCRN s3a3 3u,In030 8aRL j@3 jaCNCN< 0jY bCN,3 Rna
0j c3j @c  Ia<3 NnL$3a R8 U3UjC03c j@j @q3 $33N L3cna30 8Ra
$CN0CN< jRLnIjCUI3LRI3,nI3c. s3 IcR a3LRq30 U3UjC03c ,RLLRN $3A
js33N j@3 3qInjCRN N0 jaCNCN< 0j c3jc jR 3Ncna3 nN$Cc30 HQQ
jaCNCN<cY BN Ra03a NRj jR a30n,3 j@3 jaCNCN< c3j jRR Ln,@ CN j@Cc
jwU3 R8 HQQ jaCNCN<c. j@3 3qInjCRN c3j sc cUICj CNjR j@a33 cn$A
c3jc a3cnIjCN< CNjR j@a33 0C{3a3Nj 9A8RI0 ,aRccAqIC0jCRN jaCNCN<c 8Ra
3,@ LRI3,nI3Y i@3 03jCIc 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j3 j@3 U3a8RaL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j a3 NRj 8RnN0 CN j@3 jaCNCN< c3j. s3 c3j nU  N3a3cj
N3C<@$Rna Ua30C,jCRN UUaR,@ s@C,@ CN j@Cc cjn0w s3 ,IIMMA~N03aY
i@Cc UUaR,@ a3Ua3c3Njc j@3 cCLUI3cj L3j@R0 s@3a3 j@3 Ua30C,jCRNc
R8  \n3aw LRI3,nI3 a3 R$jCN30 $w ~acj ~N0CN< Cjc N3a3cj N3C<@$Rna
N0 ncCN<  cn$c3\n3Nj II3I3AcU3,C~, L3j@R0 jR Ua30C,j j@3 \n3aw
$CN0CN< cU3,C~,CjwY 7Cacj R8 II. 8Ra 3,@ LRI3,nI3 CN \n3cjCRN. s3
8RnN0  ,Raa3cURN0CN< N3a3cj N3C<@$Rna 8aRL j@3 jaCNCN< c3jY i@3
0CcjN,3 $3js33N jsRK?+LRI3,nI3c sc ,I,nIj30 8aRL j@3 LCNR
,C0 cCLCIaCjw $3js33N j@3 jsR Uc3n0R c3\n3N,3c c 03c,aC$30 $w
MC3Ic3N 3j IY ):O*. N0 j@3 N3a3cj N3C<@$Rna jR j@3 LRI3,nI3 CN \n3cA
jCRNsc 03~N30 c j@3LRI3,nI3 CN j@3 jaCNCN< c3j @qCN< j@3 c@Raj3cj
0CcjN,3Y i@3 $CN0CN< 0j R8 3,@ N3a3cj N3C<@$Rna s3a3 j@3N nc30
c jaCNCN< 0j 8Ra j@3 ,Raa3cURN0CN< \n3aw LRI3,nI3Y r3 a3jaCN30
N II3I3AcU3,C~, L3j@R0 8aRL j@Rc3 jaCNCN< 0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 ncCN< j@3 MMIC<N
L3j@R0 )fS* sCj@ c3jjCN<c C03NjC,I jR j@Rc3 nc30 8Ra M3jK?+BB )9O*Y
i@3 Ua30C,jCq3 U3a8RaLN,3 8Ra 3,@ \n3aw LRI3,nI3 sc R$jCN30 $w
ncCN< Cjc $CN0CN< 0j c N 3qInjCRN c3jY BN Ra03a 8Ra j@3 U3a8RaA
LN,3 jR $3 0Ca3,jIw ,RLUa$I3 jR j@3 HQQ a3cnIjc. j@3 cUICjjCN< R8
j@3 3qInjCRN c3j CNjR j@a33 cn$c3jc sc IcR nc30 @3a3Y
T3a8RaLN,3 L3cna3c N0 cjjCcjC,I NIwcCc
i@3 Ua30C,jCq3 U3a8RaLN,3 sc L3cna30 CN j3aLc R8 T3acRN_c ,RaA
a3IjCRN ,R3|,C3Nj VT++W N0 a3 nN03a j@3 `Q+ ,naq3 Vm+WY T++
::
kYSY TU3a BB
qIn3c qaw $3js33N z N0 S. s@3a3 S a3Ua3c3Njc U3a83,j Ua30C,jCRNc
N0 z aN0RL Ua30C,jCRNcY 7Ra m+ L3cna3c.  U3a8RaLN,3 qIn3
R8 S ,Raa3cURN0c jR  U3a83,j Ua30C,jCRN. N0  qIn3 R8 zY9 a33,jc aNA
0RL Ua30C,jCRNcY 7Ra LRa3 03jCIc ,RN,3aNCN< j@3 U3a8RaLN,3 L3A
cna3c. c33 MC3Ic3N 3j IY )9z*Y i@aRn<@Rnj j@Cc cjn0w. T++ N0 m+
qIn3c s3a3 ,RLUa30 8Ra 0C{3a3Nj L3j@R0c N0 3qInj30 ncCN< $CA
NRLCI j3cjc sCj@  cC<NC~,N,3 I3q3I R8 zYz9Y
;3N3ajCRN R8 ?HABB 0CcjN,3 ja33c
7Ra <3N3ajCRN R8 j@3 ?HABB 0CcjN,3 ja33. j@3 LRcj Ua3qI3Nj IU@
N0 $3j ,@CNc CN j@3 2naRU3N URUnIjCRN s3a3 c3I3,j30 c 03~N30
$w j@3 II3I3 8a3\n3N,C3c 0j$c3 V@jjU-ggsssYII3I38a3\n3N,C3cYN3jW
)fl*Y j  8a3\n3N,w j@a3c@RI0 R8 SX. s3 8RnN0 lS ?HA/`S.
j@a33 ?HA/TS. Sl ?HA/T#S. Sl ?HA/[S N0 Sk
?HA/[#S II3I3cY r3 ,RNcjan,j30 II ?HA/TSĢ?HA/T#S
N0 ?HA/[SĢ?HA/[#S ,RL$CNjCRNc aaCqCN< j  jRjI R8
lS ?HA/`. kf ?HA/T N0 S9f ?HA/[ LRI3,nI3cY bRajCN< VRN
 U3aAIR,C I3q3IW j@3 0C{3a3Nj LRI3,nI3c RN 03c,3N0CN< URUnIjCRN
8a3\n3N,C3c. s3 ,RNcjan,j30  8nN,jCRNI a30nN0N,w 030n,30 c3j
,RNjCNCN< el LRI3,nI3c ncCN< j@3 ?R$R@LS I<RaCj@L )fk* sCj@ a3A
0nN0N,w 03~N30 c jsR LRI3,nI3c c@aCN<  T3acRN_c ,Raa3IjCRN
,R3|,C3Nj R8 zYOO Ra $Rq3 s@3N ,RLUaCN< j@3 Ua30C,j30 $CN0A
CN< |NCjC3c RN  c3j R8 lzz.zzz aN0RL NjnaI S9AL3a U3UjC03cY
i@3 c3j R8 el NRNAa30nN0Nj ?HABB LRI3,nI3c Cc ,RLUaCc30 R8 lS
?HA/`. S: ?HA/T N0 ke ?HA/[ LRI3,nI3cY M3uj. s3 UA
UIC30 j@3 K?+,Incj3a L3j@R0 )f:* jR ,RNcjan,j  ja33 03c,aC$CN< j@3
8nN,jCRNI cCLCIaCjw $3js33N j@3 0C{3a3Nj LRI3,nI3cY BN c@Raj. j@3
K?+,Incj3a L3j@R0 8nN,jCRNc c 8RIIRscY #CN0CN< |NCjC3c R8  c3j
R8 lzz.zzz NjnaI aN0RL S9AL3a U3UjC03c a3 Ua30C,j30 8Ra 3,@
R8 j@3 ?H LRI3,nI3c ncCN< M3jK?+BBUNAkYzY M3uj. j@3 8nN,jCRNI
cCLCIaCjw $3js33N Nw jsR ?H LRI3,nI3c Cc 03~N30 $w ,Raa3IjA
CN< j@3 nNCRN R8 j@3 Ua30C,j30 jRU SzX cjaRN<3cj $CN0CN< U3UjC03c
8Ra 3,@ LRI3,nI3Y i@3 cCLCIaCjw Cc S C8 j@3 jsR ?H LRI3,nI3c a3
Ua30C,j30 jR @q3  U3a83,jIw Rq3aIUUCN< U3UjC03 a3U3ajRCa3 N0 N3<A
jCq3 C8 j@3a3 Cc NR Ra q3aw ICLCj30 Rq3aIUY i@3 0CcjN,3 $3js33N jsR
LRI3,nI3c Cc 03~N30 c S−cCLCIaCjwY #w ncCN< j@3 nNs3C<@j30 UCa
<aRnU L3j@R0 sCj@ aCj@L3jC, L3N ,Incj3aCN<. j@3 0CcjN,3 LjaCu
Cc ,RNq3aj30 jR  0CcjN,3 ja33Y ;3N3ajCN< Szz 0CcjN,3 ja33c ncCN<
$RRjcjaU 3cjCLj3c j@3 cC<NC~,N,3 R8 j@3 0CcjN,3 ja33Y i@3 ja33c a3
N3uj cnLLaCy30. N0  ,RNc3Ncnc ja33 CcL03sCj@ $aN,@ $RRjcjaU
:9
+@Uj3a kY M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0 8Ra K?+ ,Icc BB Ua30C,jCRNc
qIn3cY b3\n3N,3 IR<Rc s3a3 ,RNcjan,j30 8aRL j@3 Ua30C,j30 $CN0CN<
,Ra3 R8 j@3 jRU SX cjaRN<3cj Ua30C,j30 $CN03ac ncCN< b3\lHR<RL3j@R0
sCj@ 038nIj c3jjCN<c )f9*Y
kYSYk `ζЅЛϣАЅ
BN j@3 8RIIRsCN< c3,jCRN. s3 <Cq3 j@3 a3cnIjc R8 UUIwCN< j@3 N3s
UNAcU3,C~, L3j@R0- M3jK?+BBUNAkYz jR Ua30C,j $CN0CN< 8Ra  Ia<3
c3j R8 K?+ ,Icc BB LRI3,nI3c 8aRL j@a33 @nLN ,Icc BB IR,C c s3II
c  cLII c3j R8 LRnc3 ?Al LRI3,nI3cY
M3jK?+BBUNAkYzL3j@R0_c N3s UUaR,@ 8Ra <3jjCN< Uc3n0R
c3\n3N,3
BN j@3 LRcj a3,3Nj UNAcU3,C~, K?+ ,Icc BB Ua30C,jCRN L3j@R0.
M3jK?+BBUNAlYz. j@3 Uc3n0R c3\n3N,3 Cc ,RLURc30 R8 lS LCNR ,C0c
8aRL URcCjCRNc sCj@CN j@3 ?HA/` $3j ,@CN j@j a3 CN URj3NjCI
,RNj,j sCj@  U3UjC03 ncCN<  :Yz ¶ 0CcjN,3 ,njAR{ N0 URIwLRaU@C,
,aRcc j@3 c3j R8 c3\n3N,30 K?+ ,Icc BB LRI3,nI3c qCI$I3 j j@3
jCL3 R8 j@3 cjn0w )9z*Y 7Ra j@3 M3jK?+BBUNAkYz L3j@R0 03c,aC$30
@3a3. j@3 Uc3n0R c3\n3N,3 ,RNjCNc SO a3cC0n3c 8aRL j@3 $3j ,@CN R8
K?+ LRI3,nI3cY i@3 LCN 0C{3a3N,3 $3js33N jsR Uc3n0R c3\n3N,3
R$jCNCN< UUaR,@3c a3cnIjCN< CNjR 0C{3a3Nj NnL$3a R8 Uc3n0R c3A
\n3N,3 URcCjCRNc Cc j@j j@3 M3jK?+BBUNAkYz ,RNcC03ac URIwLRaA
U@CcL ,aRcc j@3 c3\n3N,3c R8 K?+ LRI3,nI3c 8aRL j@3 jaCNCN< c3j
RNIwY BN Ra03a jR 3qInj3 j@Cc N3s UUaR,@ 8Ra R$jCNCN< j@3 Uc3n0R
c3\n3N,3. s3 U3a8RaL30  9A8RI0 ,aRccAqIC0jCRN jaCNCN< N0 ,RLA
Ua30 j@3 a3cnIjc R8 j@Rc3 a3URaj30 8Ra M3jK?+BBUNAlYz )9z*Y BN j@Cc
,RLUaCcRN. RNIw ?HA/` LRI3,nI3c s3a3 ,RNcC03a30 0n3 jR qCIA
$CICjw R8 a3cnIjc 8aRL $Rj@ L3j@R0cY KRa3Rq3a. 8Ra j@3 N3s L3j@R0.
RNIw j@3 Uaj R8 j@3 Uc3n0R c3\n3N,3 ,Raa3cURN0CN< jR $3j ,@CN URA
cCjCRNc sc CN,In030 c j@3 M3jK?+BBUNAlYz L3j@R0 RNIw CN,In03c
$3j ,@CN a3cC0n3c CN j@3 Uc3n0R c3\n3N,3Y i@3 a3cnIjc a3 c@RsN CN
i$I3 kYlY
i@3 a3cnIjc CN i$I3 kYl 03LRNcjaj3 j@j j@3 N3s UUaR,@ 8Ra R$A
jCNCN< j@3 Uc3n0R c3\n3N,3 I30c jR  cC<NC~,NjIw VU qIn3c<zYz9W
CLUaRq30 Ua30C,jCq3 U3a8RaLN,3 ,RLUa30 jR j@3 RaC<CNI UUaR,@
s@3N j@3 UNAcU3,C~, jaCNCN< UUaR,@ Cc UUIC30 jR j@3 ?HA/`
0j c3jY i@3 q3a<3 CN,a3c30 8aRL zYf44 jR zYfO9 N0 8aRL zY4:f
jR zY4:e 8Ra T++ N0 m+ qIn3c. a3cU3,jCq3IwY M3jK?+BBUNAkYz
,@C3q3c j@3 @C<@3cj U3a8RaLN,3 8Ra LRcj R8 j@3 LRI3,nI3c VT++
qIn3c a3 @C<@3a 8Ra lz Rnj R8 l: LRI3,nI3c. N0 m+ qIn3c a3
:f
kYSY TU3a BB
@C<@3a 8Ra Se Rnj R8 lk LRI3,nI3c. 3u,In0CN< jC3cWY i@3 a3cnIjc 03LRNA
cjaj3 j@j j@3 N3s UUaR,@ R8 R$jCNCN< Uc3n0R c3\n3N,3c 8Ra j@3
N3naI N3jsRaG jaCNCN<c CLUaRq3c j@3 Ua30C,jCq3 U3a8RaLN,3 R8 j@3
L3j@R0Y
i$I3 kYlY 7Cq38RI0 ,aRccAqIC0jCRN U3a8RaLN,3 8Ra ?HA/` LRI3,nI3c R8 
UNAcU3,C~, M3jK?+BBUNAlYz ,RLUa30 sCj@ M3jK?+BBUNAkYzY
KRI3,nI3 NL3 #U3U #$CN0 M3jK?+BBUNAlYz M3jK?+BBUNAkYzT++ m+ T++ m+
/`#S!zSzS e.f49 :.k4l zYeSS zY4:f zYeSf zY4:4
/`#S!zkzS l.9z9 f:O zYezO zY4f: zYelk zY4f4
/`#S!zkzl S:4 :: zY9l9 zYe9e zY9fO zYe4f
/`#S!z:zS k.SSf S.zkO zYfez zY4:4 zYfeS zY4:f
/`#S!z:z: 9ee kkf zYfkz zY4S4 zYf9f zY4lO
/`#S!z:z9 S.94l fle zYfO4 zY494 zYeSl zY4fl
/`#S!zezS S.e:9 4:O zYe:z zY4f: zYekl zY4fl
/`#S!z4zl S.9lz :kS zY9lf zYe4z zY9:l zYe4:
/`#S!z4zf SS4 OS zYeOf zYOl: zYeOl zYOkk
/`#S!z4Sk S.kez :99 zYe:f zY449 zYe9S zY444
/`#S!z4SO SSf 9: zYfz4 zY4z4 zYfSz zY4zk
/`#S!zOzS S.9lz fll zYfk: zY4S4 zYf:e zY4l4
/`#S!SSzS S.eO: ee4 zYeee zY44k zYe4z zY44k
/`#S!SlzS SSe 4S zYef: zY4Ol zYef4 zY4Of
/`#S!Slzl SSe eO zYefO zYOzz zYee4 zYOSz
/`#S!Skzl S.94z :Ok zYfk: zY4l9 zYfkf zY4ll
/`#S!S:zl SS4 e4 zYfO: zY4fz zYel: zY4eO
/`#S!S:z: kz Sf zYfSk zYeke zY9SS zYflO
/`#S!S:Sl SSf fk zYe9e zY4O: zYe9: zY4Oz
/`#S!S9zS S.efO ezO zYf9k zY4SO zYf4l zY4kz
/`#k!zSzS S.9zS l4S zYfOz zY49z zYezz zY494
/`#k!zkzS Sfz ez zYekf zY49k zYe9l zY4fO
/`#:!zSzS S.9lS :49 zYfe9 zY4ke zYfOO zY4:e
/`#9!zSzS k.Szf S.l4z zYef9 zY44l zYefO zY449
iRjI kk.OkS Sk.OOl
q3a<3 zYf44 zY4:f zYfO9 zY4:e
U qIn3 zYzzl zYzk9
M3jK?+BBUNAlYz Cc j@3 L3j@R0 03c,aC$30 $w MC3Ic3N 3j IY )9z*. s@C,@ nc3c Uc3n0R
c3\n3N,3c ,RLURc30 R8 URIwLRaU@C, LCNR ,C0c j@j @q3 RN3 Ra LRa3 URj3NjCI ,RNj,jc
sCj@  U3UjC03 VI3N<j@=lSWY i@3 U3a8RaLN,3 qIn3c 8Ra j@Cc L3j@R0 a3 jG3N 8aRL j@3
Un$IC,jCRNY M3jK?+BBUNAkYz 3LUIRwc Uc3n0R c3\n3N,3c R$jCN30 $w ~N0CN< ,RNj,jc j@j
cC03 ,@CNc R8 K?+ LRI3,nI3c @q3 sCj@ j@3 U3UjC03 N0 jGCN< URIwLRaU@C, URcCjCRNc
sCj@CN j@3 jaCNCN< c3j VI3N<j@=SO 8Ra $3j ,@CN RNIwWY i@3 qIn3c CN $RI0 c@Rs j@3 @C<@3a
c,Ra3 8Ra 3,@ LRI3,nI3 8Ra ,Raa3cURN0CN< U3a8RaLN,3 L3cna3c VT++ Ra m+WY U qIn3c
s3a3 R$jCN30 ncCN<  $CNRLCI j3cj 3u,In0CN< jC3cY
PU3U − NnL$3a R8 U3UjC03 $CN0CN< 0j qCI$I3 8Ra 3,@ LRI3,nI3. P$CN0 − NnL$3a R8
U3UjC03c j@j @q3  $CN0CN< |NCjw cjaRN<3a j@N 9zz NKY
:e
+@Uj3a kY M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0 8Ra K?+ ,Icc BB Ua30C,jCRNc
T3aAIR,nc jaCNCN< q3acnc ,aRccAIR,C jaCNCN<
iR j@3 $3cj R8 Rna GNRsI30<3. II UNAcU3,C~, Ua30C,jCRN L3j@R0c
8Ra ?H ,Icc BB LRI3,nI3c qCI$I3 nU jR 0j3 a3 ICLCj30 jR ?HA
/`Y BN j@Cc cjn0w. s3 CNjaR0n,3 N UUaR,@ 8Ra ,RL$CNCN< a3cC0n3c
8aRL j@3 IU@ N0 $3j ,@CNc CNjR RN3 Uc3n0R c3\n3N,3Y i@3 UaRA
,30na3 8Ra j@3 Uc3n0R c3\n3N,3 ,RNcjan,jCRN Cc nNCq3acI jR II K?+
,Icc BB ,RLUI3u3c IIRsCN< j@3 UNAcU3,C~, L3j@R0 jR $3 jaCN30 CN 
,aRccAIR,Cg,aRccAcU3,C3c LNN3a Vc33 ^Kj3aCIc N0 L3j@R0c^W aaCqA
CN< j RN3 ,RLLRN L3j@R0 cnCj$I3 8Ra II K?+ ,Icc BB LRI3,nI3cY
iR 3qInj3 @Rs cn,@  ,aRccAIR,Cg,aRccAcU3,C3c CLU,jc j@3 Ua3A
0C,jCq3 U3a8RaLN,3 R8 j@3 L3j@R0. s3 ,RLUa30 U3aAIR,nc VN0 U3a
LRI3,nI3. c33 $3IRsW jaCNCN< sCj@ j@3 UNAcU3,C~, jaCNCN< CN,In0CN<
,aRccAIR,C 0jY i@3 a3cnIjc a3 c@RsN CN 7C<na3 kY:Y /3jCI30 a3cnIjc
a3 <Cq3N CN i$I3 #YkY i@3 ~<na3 <Cq3c q3a<3 T++ N0 m+ qIn3c
8Ra 3,@ IR,nc s@3N j@3 L3j@R0 sc jaCN30 CN  ,aRccAIR,C LNN3a
CN,In0CN< II ?H LRI3,nI3c N0 s@3N jaCN30 ncCN< $CN0CN< 0j
a3cjaC,j30 jR 3,@ IR,nc. a3cU3,jCq3IwY c ,N $3 c33N 8aRL j@3 ~<A
na3. j@3 Rq3aII U3a8RaLN,3 R8 j@3 jsR jaCNCN< UUaR,@3c Cc cCLCIaY
7Ra ?HA/`. j@3 Ua30C,jCq3 U3a8RaLN,3 CLUaRq30 s@3N jaCNCN< CN
 ,aRccAIR,C LNN3a ,RLUa30 jR U3aAIR,nc jaCNCN<Y 7Ra ?HA/[ N0
?HA/T. j@3 U3a8RaLN,3 RN j@3 Rj@3a @N0 Cc cIC<@jIw a30n,30Y i@Cc
a30n,jCRN Cc. @Rs3q3a. RNIw cC<NC~,Nj 8Ra ?HA/[ N0 RNIw s@3N
L3cnaCN< m+ U3a8RaLN,3 qIn3cY
7C<na3 kY:Y +RLUaCcRN R8 j@3 L3j@R0 U3a8RaLN,3 s@3N jaCN30 RN U3aA
IR,nc 0j N0 ,aRccAIR,C 0jY q3a<3 T++ N0 q3a<3 m+ qIn3c 8Ra 3,@
IR,nc a3 03LRNcjaj30 RN j@3 I38j N0 aC<@j UN3I. a3cU3,jCq3IwY bC<NC~,Nj U
qIn3c a3 <Cq3N $Rq3 j@3 $ac 8Ra ,Raa3cURN0CN< IR,CY i@3 0C{3a3N,3 CN Ua3A
0C,jCq3 U3a8RaLN,3 $3js33N j@3 U3aAIR,nc N0 ,aRccAIR,C jaCNCN< Cc cC<NC~,Nj
RNIw 8Ra ?HA/[ s@3N L3cnaCN< m+ U3a8RaLN,3 qIn3cY
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kYSY TU3a BB
TNAcU3,C~, q3acnc II3I3AcU3,C~, L3j@R0
c  UNAcU3,C~, UUaR,@. j@3 L3j@R0 Ua3c3Nj30 CN j@Cc cjn0w $3NA
3~jc 8aRL j@3 CN8RaLjCRN 3q3N 8aRL LRI3,nI3c ,Rq3a30 $w ICLCj30
$CN0CN< 0j RaLRI3,nI3c 8aRL0C{3a3Nj IR,CgcU3,C3cY iR 03LRNcjaj3
j@Cc. s3 Ua3c3Nj  ,RLUaCcRN R8 j@3 U3a8RaLN,3 qIn3c R$jCN30 8Ra
j@3M3jK?+BBUNAkYzL3j@R0 N0 II3I3AcU3,C~,MMAIC<NL3j@R0 ncA
CN< 9A8RI0 ,aRccAqIC0jCRN Vc33 i$I3 kYkWY i@3 MMAIC<N Ua30C,jCRN
L3j@R0 sc jaCN30 c 03c,aC$30 $w MC3Ic3N N0 HnN0 )ff*. ncCN<
j@3 cL3 0j UajCjCRNCN< $c30 RN j@3 ,RLLRN LRjC8 ,Incj3aCN< UA
UaR,@ c nc30 8Ra M3jK?+BBUNAkYzY
i@3 a3cnIjc Ua3c3Nj30 CN i$I3 kYk 03LRNcjaj3 j@j j@3 UNA
cU3,C~, M3jK?+BBUNAkYz Ua30C,jRa cC<NC~,NjIw RnjU3a8RaLc j@3
II3I3AcU3,C~, MMAIC<N L3j@R0 VU qIn3<zYzzzS 8Ra $Rj@ T++ N0
m+ qIn3cWY i@3c3 a3cnIjc c@Rs j@j j@3 UNAcU3,C~, L3j@R0 $3NA
3~jc 8aRL j@3 $CN0CN< 0j L3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7C<na3 kYeY 7nN,jCRNI ,Incj3aCN< R8 j@3 el?HLRI3,nI3c 8aRL j@3 2naRU3N
URUnIjCRNY ?HA/` LRI3,nI3c a3 0CcUIw30 CN a30. ?HA/T LRI3,nI3c a3
0CcUIw30 CN <a33N N0 ?HA/[ LRI3,nI3c a3 c@RsN CN $In3Y b3\n3N,3 IR<Rc
c@RsCN< j@3 $CN0CN< LRjC8 a3 Ua3c3Nj30 8Ra c3I3,j30 LRI3,nI3c a3Ua3c3NjCN<
j@3 0C{3a3Nj cU3,C~,Cjw <aRnUcY
BN j3aLc R8 j@3 Ua30C,j30 8nN,jCRNICjw. s3 a3,Rq3a 8Ra ?HA/`#S
j@3 Rq3aII ,Incj3aCN< UaRURc30 3aIC3a ):O* sCj@ O s3IIA03~N30 cn$A
<aRnUc VcnU3ajwU3cWY 7Ra ?HA/[. j@3 Rq3aII 8nN,jCRNICjw c33Lc a3A
0n,30 ,RLUa30 jR ?HA/`. sCj@ RNIw 9gf s3IIA03~N30 cn$<aRnUc.
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kYSY TU3a BB
N0 c cjj30 $Rq3. ?HA/T c33Lc jR 3N,R03 8Ra j@3 I3cj 8nN,jCRNA
IIw 0Cq3ac3 c3j R8 LRI3,nI3c sCj@ RNIw RN3 cU3,C~,Cjw <aRnU $3CN<
Ua3c3NjY b3\n3N,3 IR<Rc 8Ra c3I3,j30 cn$<aRnUc N0 cn$<aRnU a3Ua3A
c3NjjCq3c a3 CN,In030 CN j@3 ~<na3 jR CIIncjaj3 j@3 8nN,jCRNI 0C{3aA
3N,3 $3js33N j@3 0C{3a3Nj LRI3,nI3cY BN <3N3aI. j@3 Ua30C,j30 $CN0A
CN< LRjC8c a3 CN <a33L3Nj sCj@ j@3 LRjC8c UaRURc30 3aIC3a 8Ra j@3
ICLCj30 c3j R8 ?H ,Icc BB LRI3,nI3c 3uU3aCL3NjIIw ,@a,j3aCc30 $w
U3UjC03 $CN0CN< 0j )f4. fS*Y
kYSY: /ϔЅΫЛЅЅϔϱϩ Ξϩβ ΫϱϩΫϣЛЅϔϱϩ
B03NjC~,jCRN R8 U3UjC03c $CN0CN< jR K?+ Cc  ,aCjC,I cj3U CN nN03aA
cjN0CN< i ,3II CLLnN3 a3cURNc3cY i@3 @nLN K?+ <3NRLC, a3<CRN
V?HW Cc 3uja3L3Iw URIwLRaU@C, ,RLUaCcCN< c3q3aI j@RncN0c II3A
I3c. LNw 3N,R0CN<  0CcjCN,j LRI3,nI3Y i@3 URj3NjCIIw nNC\n3 cU3,CA
~,CjC3c a3LCN 3uU3aCL3NjIIw nN,@a,j3aCc30 8Ra j@3 qcj LERaCjw R8
?H LRI3,nI3cY
i@3 c3\n3N,3c R8 @nLN K?+ ,Icc BB LRI3,nI3c cjRa30 CN j@3
BK;i 0j$c3 )k:* ,Rq3a Rq3a fzz 0C{3a3Nj ?HA/` qaCNjc N0
LRa3 j@N f.zzz 0C{3a3Nj ,RL$CNjCRNc R8 ?HA/T N0 ?HA/[ IA
U@ N0 $3j ,@CNcY Q8 j@3c3 LNw LRI3,nI3c. I3cc j@N kz ?HA/`
N0 RNIw 9 ?HA/T N0 f ?HA/[ LRI3,nI3c @q3 $33N 3uU3aCL3NA
jIIw ,@a,j3aCc30sCj@ $CN0CN< 0j IIRsCN< 8Ra N ,,naj3 3cjCLj3
R8 j@3Ca $CN0CN< cU3,C~,CjwY BN Ra03a jR cUN j@Cc <U. c3q3aI L3j@A
R0c @q3 $33N 03q3IRU30 N0 $3N,@LaG30 0naCN< j@3 Icj 03,03 8Ra
j@3 Ua30C,jCRN R8 U3UjC03 $CN0CN< jR K?+ ,Icc BB LRI3,nI3c V8Ra a3A
qC3s. c33 )Sz*WY ?3a3. UNAcU3,C~, L3j@R0c UIw N CLURajNj aRI3. c
j@3w a3 ,U$I3 R8 <CqCN< Ua30C,jCRNc jR j@Rc3 LRI3,nI3c. s@C,@ @q3
NRj w3j $33N ,@a,j3aCc30 3uU3aCL3NjIIwY ?Rs3q3a. nNjCI NRs. K?+
,Icc BB UNAcU3,C~, $CN0CN< Ua30C,jCRN UUaR,@3c @q3 $33N ICLCj30
jR ?HA/` LRI3,nI3c. I3qCN<  <U CN j@3 <3N3aI nN03acjN0CN< R8
$CN0CN< cU3,C~,CjC3c 8Ra ?HA/T N0 ?HA/[ LRI3,nI3c )Sz*Y
BN j@Cc UU3a. s3 Ua3c3Nj  UNAcU3,C~,L3j@R0.M3jK?+BBUNAkYz.
,U$I3 R8 Ua30C,jCN< U3UjC03 $CN0CN< jR II ?H LRI3,nI3cY iR j@3
$3cj R8 Rna GNRsI30<3. j@Cc Cc j@3 ~acj Ua30C,jRa ,RLLRN 8Ra ?HA/`.
?HA/T N0 ?HA/[ LRI3,nI3cY i@3 L3j@R0 Cc $c30 RN ajC~,CI
N3naI N3jsRaGc N0 Cc jaCN30 RN 9l.zfl \nNjCjjCq3 U3UjC03 $CN0CN<
0j ,Rq3aCN< II ?H c s3II c jsR LRnc3 LRI3,nI3cY
M3jK?+BBUNAkYz nc3c  N3s UUaR,@ 8Ra 03~NCN< j@3 U3UjC03A
$CN0CN< 3NqCaRNL3Nj R8 K?+ CN j3aLc R8 Uc3n0R c3\n3N,3 c ,RLA
Ua30 sCj@ j@3 LRcj a3,3Nj M3jK?+BBUNAlYz L3j@R0 )9z*Y i@3 LCN
99
+@Uj3a kY M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0 8Ra K?+ ,Icc BB Ua30C,jCRNc
0C{3a3N,3 $3js33N j@3 jsR UUaR,@3c 8Ra R$jCNCN< Uc3n0R c3\n3N,3
Cc j@j 8Ra M3jK?+BBUNAkYz. RNIw URIwLRaU@CcL sCj@CN j@3 jaCNA
CN< c3j Cc ,RNcC03a30 s@3a3c j@3 M3jK?+BBUNAlYz L3j@R0 CN,In03c
URIwLRaU@CcL ,aRcc II GNRsN K?+ ,Icc BB c3\n3N,3cY Qna a3A
cnIjc 03LRNcjaj30 j@j j@3 N3s UUaR,@ 8Ra 03~NCN< j@3 Uc3n0R
c3\n3N,3 I30c jR  cC<NC~,NjIw CLUaRq30 Ua30C,jCq3 U3a8RaLN,3Y
b3q3aI Ia<3Ac,I3 $3N,@LaGc s3a3 ,aaC30 Rnj j@j 03LRNA
cjaj30 j@j j@3 M3jK?+BBUNAkYzL3j@R0 8nI~Ic j@3 a3\nCa3L3Njc 8Ra
j@3 UNAcU3,C~, L3j@R0cY Bjc U3a8RaLN,3 sc 8RnN0 jR $3 cC<NC~A
,NjIw $3jj3a j@N j@j R8 j@3 II3I3AcU3,C~, MMAIC<N Ua30C,jRa )ff*Y
BN UajC,nIa. j@3 L3j@R0 RnjU3a8RaL30 MMAIC<N 8Ra LRI3,nI3c ,@aA
,j3aCc30 sCj@ RNIw  ICLCj30 NnL$3a R8 $CN0CN< 0jY i@3c3 a3A
cnIjc @3N,3 <a33 sCj@ j@3 a3cnIjc R$jCN30 s@3N $3N,@LaGCN< j@3
RaC<CNI M3jK?+BBUN L3j@R0 )9z* N0 nN03aICN3 j@3 nNC\n3 URs3a
R8 j@3 UNAcU3,C~, UUaR,@ CN UaRqC0CN< ,,naj3 Ua30C,jCRNc IcR
8Ra LRI3,nI3c ,@a,j3aCc30 sCj@ ICLCj30 U3UjC03A$CN0CN< 0j c Cj
@c IcR $33N 03LRNcjaj30 Ua3qCRncIw 8Ra K?+ ,Icc B Ua30C,jCRNc
)fz. kk. kl*Y
iR LCLC, j@3 cCjnjCRN s@3a3 j@3 M3jK?+BBUNAkYzL3j@R0 Cc UA
UIC30 jR Ua30C,j $CN0CN< 8Ra nN,@a,j3aCc30 K?+LRI3,nI3c. s3 ,RNA
0n,j30  UN3I R8 HQQ 3uU3aCL3NjcY BN j@3c3 3uU3aCL3Njc. $CN0CN<
0j 8Ra RN3K?+LRI3,nI3 j  jCL3s3a3 a3LRq30 8aRL j@3 jaCNCN<.
N0 j@3 Ua30C,jCq3 U3a8RaLN,3 N3uj 3qInj30 RN j@3 I38jARnj 0jY
i@3 HQQ a3cnIjc 03LRNcjaj30 j@j j@3 UaRURc30 L3j@R0 Cc ,U$I3
R8 Ua30C,jCN< $CN0CN< |NCjw 8Ra j@3 LRI3,nI3c 8Ra s@C,@ NR $CN0A
CN< 0j a3 qCI$I3 CN j@3 jaCNCN< UaR,3ccY BN 00CjCRN jR j@Cc. j@3
L3j@R0 c@Rs30 03,a3c30 Ua30C,jCq3 U3a8RaLN,3 sCj@ j@3 0CcjN,3
jR j@3 N3a3cj N3C<@$Rna 8aRL j@3 jaCNCN< c3j. s@C,@ Cc CN <a33L3Nj
sCj@ Ua3qCRnc cjn0C3c RN K?+ ,Icc B )kf. fz. kS*Y
7aRL j@3 a3cnIjc CN,In030 @3a3. RN3 ,N NRjC,3 j@j ?HA/T
LRI3,nI3c 03LRNcjaj3 @C<@3a U3a8RaLN,3 qIn3c ,RLUa30 sCj@
/` N0 /[ U3a8RaLN,3cY c j@Cc @C<@ U3a8RaLN,3 Cc LCNA
jCN30 IcR 8Ra j@3 II3I3AcU3,C~, VN0 Uc3n0R c3\n3N,3 CN03U3N03NjW
MMAIC<N UUaR,@. j@3 @C<@ U3a8RaLN,3 Cc NRj 0n3 jR j@3 8,j j@j /T
LRI3,nI3c a3 8RnN0 jR $3 q3aw ,IRc3 jR 3,@ Rj@3a CN j3aLc R8 Uc3n0R
c3\n3N,3 cCLCIaCjw N0 8nN,jCRNY i@3 a3cRN 8Ra j@Cc 0C{3a3Nj U3a8RaA
LN,3 Cc aj@3a a3Ij30 jR j@3 0C{3a3N,3c sCj@CN 0CcjaC$njCRNc R8 j@3
$CN0CN< 0j qCI$I3 8Ra 3,@ IR,ncY i@3 ?HA/T 0j a3 q3aw s3II
c3Uaj30 sCj@ j@3 LERaCjw R8 j@3 0j $3CN< 3Cj@3a cjaRN< Ra q3aw
s3G $CN03acY i@Cc Cc CN cjaRN< ,RNjacj jR j@3 0j 8Ra /[ N0 /`
LRI3,nI3c s@3a3 j@3 LERaCjw R8 j@3 0j @q3 CNj3aL30Cj3 $CN0CN<
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|NCjw V0j NRj c@RsNWY i@Cc 0C{3a3N,3 CN $CN0CN< |NCjw 0CcjaC$nA
jCRN cjaRN<Iw CNn3N,3c j@3 Ua30C,jCq3 U3a8RaLN,3. c s3IIAc3Uaj30
0j c3jc Vc Cc j@3 ,c3 8Ra /TW CN <3N3aI ,@C3q3  @C<@3a Ua30C,A
jCq3 U3a8RaLN,3Y iR UaRq3 j@Cc 8naj@3a. s3 @q3 U3a8RaL30 j@3 NA
IwcCcs@3a3s3. CN j@3 3qInjCRN R8 j@3 Ua30C,jCRNL3j@R0c. LCLC,G30
j@3 0CcjaC$njCRN R8 j@3 ?HA/T 0j 8Ra j@3 /` IR,CY i@3 NIwcCc
03LRNcjaj30 j@j j@3 U3a8RaLN,3 8Ra /` LRI3,nI3c Cc cC<NC~,NjIw
CN,a3c30 s@3N j@3 0j Lj,@ j@3 0CcjaC$njCRN R$c3aq30 8Ra j@3 /T
LRI3,nI3c ,RLUa30 jR j@3 RaC<CNI /` 0j 0CcjaC$njCRNc V0j NRj
c@RsNWY
i@3M3jK?+BBUNAkYz Ua30C,jRa c@Rs30 @C<@3a U3a8RaLN,3s@3N
,RLUa30 sCj@ j@3 M3jK?+BBUNAlYzL3j@R0 RN j@3 3uj3aNI 3qInA
jCRN c3jY i@3 CN,a3c30 U3a8RaLN,3 R8 j@3 M3jK?+BBUNAkYz L3j@R0
03LRNcjaj3c Cjc UaRLCcCN< $CICjw jR CLUaRq3 s@3N LRa3 0j $3A
,RL3 qCI$I3 8Ra LRI3,nI3c 8aRL Rj@3a IR,CgcU3,C3cY
r3 8naj@3a Ua3c3Nj30  URs3a8nI UUIC,jCRN R8 j@3 03q3IRU30
UNAcU3,C~, Ua30C,jRaY r3 UUIC30 j@3 M3jK?+BBUNAkYz L3j@R0 jR
8nN,jCRNIIw ,Incj3a j@3 LRcj Ua3qI3Nj ?H II3I3c R8 j@3 2naRU3N
URUnIjCRNY 7Ra ?H ,Icc B. ,Incj3aCN< R8 LRI3,nI3c CNjR cnU3ajwU3c
sc UaRURc30 $w j@3 NIwcCc ,aaC30 Rnj ncCN< 3uU3aCL3NjI 0j
)fO. ez* N0 3uj3N030 $w UUIwCN< UNAcU3,C~, ,Icc B Ua30C,jRa )kk*Y
?Rs3q3a. 8Ra K?+ ,Icc BB. j@3 LRnNj R8 3uU3aCL3NjI 0j a3LCNc
jRR ICLCj30 jR U3a8RaL cn,@  ,Incj3a NIwcCc. s@C,@ j@3a38Ra3 cR 8a
@c $33N ICLCj30 jR ?HA/` LRI3,nI3c ):O*Y i@3 NIwcCc U3a8RaL30
@3a3 @3N,3 Cc j@3 ~acj cjn0w cn<<3cjCN< a30n,jCRN R8 URIwLRaU@CcL R8
?H ,Icc BB LRI3,nI3c $w 03~NCjCRN R8 ,Incj3ac $c30 RN cCLCIaCjC3c
CN Ua30C,j30 8nN,jCRNI $CN0CN< cU3,C~,CjC3cY bn,@ ,Incj3aCN< $nCI0c
 $c3 8Ra 8,CICjjCN< C03NjC~,jCRN R8 i @3IU3a ,3II 3UCjRU3c sCj@CN
0C{3a3Nj 3j@NC, <aRnUc @qCN<  @C<@ qIn3 CN j@3 03cC<N R8 3UCjRU3A
$c30 q,,CN3cY c s3 @q3 0Cc,ncc30 3aIC3a. 03q3IRUCN<  ,aRccAIR,C
L3j@R0 8Ra K?+ ,Icc BB Cc ,RLUIC,j30 0n3 jR j@3 0C{3a3N,3c R8 c3A
\n3N,3c N0 cjan,jna3c R8 0C{3a3Nj IR,C )9z*Y ?Rs3q3a. c IcR cn<A
<3cj30 CN j@Cc 3aIC3a Un$IC,jCRN. sCj@ CN,a3cCN< LRnNjc R8 $CN0CN<
0j ,Rq3aCN< ?HA/T N0 ?HA/[ LRI3,nI3c. UNAcU3,C~, L3j@A
R0c Lw $3N3~j 8aRL ,aRccAIR,C jaCNCN<Y BN j@Cc cjn0w. s3 03LRNA
cjaj30 j@j j@Cc Cc CN0330 j@3 ,c3Y i@3 U3a8RaLN,3 R8 j@3 UaRURc30
M3jK?+BBUNAkYz L3j@R0 s@3N jaCN30 RN ,aRccAIR,C sc c@RsN jR
$3 ,RLUa$I3 sCj@ j@j R8  L3j@R0 jaCN30 RN U3aAIR,C 0jY bR
8a. NR cC<NC~,Nj CLUaRq3L3Nj sc 8RnN0 $3js33N j@3 U3aAIR,C N0
,aRccAIR,C jaCN30 L3j@R0Y ?Rs3q3a. j@Cc Cc LRcj ICG3Iw 0n3 jR j@3
q3aw IRs NnL$3a R8 ?HA/[ N0 ?HA/T LRI3,nI3c CN,In030 CN
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+@Uj3a kY M3jK?+BBUNAkYz-  UNAcU3,C~, L3j@R0 8Ra K?+ ,Icc BB Ua30C,jCRNc
j@3 cjn0w N0 Cc 3uU3,j30 jR ,@N<3 sCj@ j@3 CN,IncCRN R8 LRa3 0j
,Rq3aCN< ?HA/T N0 ?HA/[ LRI3,nI3cY i@3 cCjnjCRN Cc @3N,3
UaII3I jR j@j R$c3aq30 8Ra K?+ ,Icc BY ?3a3. j ~acj. RNIw ICLA
Cj30 0j ,@a,j3aCcCN< ?HA N0 ?HA# LRI3,nI3c s3a3 qCI$I3
8Ra 03q3IRUL3Nj R8 j@3 RaC<CNI q3acCRN R8 M3jK?+UN. N0 N RUA
jCLI U3a8RaLN,3 sc R$jCN30 s@3N j@3 L3j@R0 sc jaCN30 CN
 IR,CAcU3,C~, LNN3a )kk*Y QNIw s@3N $CN0CN< 0j $3,L3 qCIA
$I3 ,Rq3aCN< LRa3 ?H LRI3,nI3c c s3II c K?+ LRI3,nI3c 8aRL
NRNA@nLN cU3,C3c VCN,In0CN< NRNA@nLN UaCLj3cW sc  ,aRccA
IR,Cg,aRccAcU3,C3c jaCNCN< cjaj3<w 8RnN0 jR $3 RUjCLI )kf*Y
i@3 jaCNCN< cjaj3<w RnjICN30 @3a3 8Ra j@3 K?+ ,Icc BB
UNAcU3,C~, Ua30C,jCRN L3j@R0 Cc @C<@Iw 3uC$I3 N0 a30CIw IIRsc
CN,IncCRN R8 NRq3I 0j $Rj@ CN j3aLc R8 U3UjC03c N0K?+LRI3,nI3cY
i@Cc 3uC$CICjw LG3c j@3 L3j@R0  URs3a8nI N0 nNC\n3 UIj8RaL 8Ra
j@3 03q3IRUL3Nj R8  UNAcU3,C~, K?+ ,Icc BB Ua30C,jRa ,Rq3aCN<
NRj RNIw j@3 @nLN ,Icc BB LRI3,nI3c $nj IcR K?+ LRI3,nI3c 8aRL
Rj@3a cU3,C3c R8 CNj3a3cjY H3ccRNc I3aN30 8aRL K?+ ,Icc B cn<<3cj
j@j cn,@  jan3 UNAcU3,C~, UUaR,@ Cc 83cC$I3 N0 j@j Ua30C,A
jCRN ,,na,C3c 8Ra $Rj@ @nLN N0 NRNA@nLN K?+ LRI3,nI3c ,N
$3 <a3jIw $RRcj30 <Cq3N j@3 $CICjw R8 j@3 UNAcU3,C~, L3j@R0 jR
I3q3a<3 CN8RaLjCRN ,aRcc cU3,C3c N0 IR,C )eS*Y
BN ,RN,IncCRN. s3 $3IC3q3 j@3 UaRURc30 M3jK?+BBUNAkYz L3j@R0
Cc N CLURajNj cj3U 8Rasa0 CN $RRcjCN<K?+ ,Icc BB $CN0CN< Ua30C,A
jCRNc ,Rq3aCN<  Ia<3 NnL$3a R8 LRI3,nI3c 8aRL 0C{3a3Nj cU3,C3c N0
j@3a38Ra3 a30n,3c 3uU3aCL3NjI ,Rcjc 8Ra j@3 CLLnNRIR<Ccjc sRaGCN<
sCj@CN j@3 ~3I0 R8 3UCjRU3A$c30 q,,CN3 03cC<NY
,GNRsI30<3L3Njc KM Cc  a3c3a,@3a j j@3 a<3NjCN3N NA
jCRNI a3c3a,@ ,RnN,CI V+QMB+2iWY i@Cc UaRE3,j @c $33N 8nN030
CN s@RI3 Ra CN Uaj sCj@ 8303aI 8nN0c 8aRL j@3 MjCRNI BNcjCjnj3c
R8 II3a<w N0 BN83,jCRnc /Cc3c3c. MjCRNI BNcjCjnj3c R8 ?3Ij@.
/3UajL3Nj R8 ?3Ij@ N0 ?nLN b3aqC,3c. nN03a ,RNja,j NRcY
??bMlellzSlzzzSz+ N0 ??bMlellzzOzzz:9+Y
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Chapter4
#CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC,
U3UjC03c
iϑϔЅ ,@Uj3a <Cq3c N Rq3aqC3sR8 $CRCN8RaLjC,cL3j@R0c 8Ra CLALnNRIR<w 03q3IRU30 CN Rna <aRnUY II j@3 L3j@R0c a3 Un$ICA,IIw qCI$I3 N0 CN,In03 Ua30C,jCRN jRRIc 8Ra U3UjC03 $CN0CN<
jR K?+ ,Icc B N0 ,Icc BB LRI3,nI3c VM3jK?+,RNc. M3jK?+BBUNW.
 L3j@R0 8Ra qCcnICyCN< K?+ $CN0CN< LRjC8c VK?+KRjC8pC3s3aW. 
UjC3NjAcU3,C~, Ua30C,jRa R8 ?H a3cjaC,jCRN 3I3L3Njc N0 RUjCLI
3UCjRU3c V?Ha3cjaC,jRaW.  L3j@R0 8Ra Ua30C,jCN< UaRj3cRLI ,I3qA
<3 cCj3c VM3j+@RUW. N0 CNj3<aj30 jRRIc 8Ra ,Icc B NjC<3N Ua3c3NjA
jCRN Ua30C,jCRNc VM3j+iH.M3j+iHUNWY i@Cc ,@Uj3a a3Ij3c jR j@3sRaG
Ua3c3Nj30 CN+@Uj3ac l N0 k $w CN,In0CN< 03jCI30 <nC03ICN3c RN @Rs
jR nc3 Ua30C,jCRN L3j@R0c 8Ra U3UjC03ĢK?+ $CN0CN<Y BNcjan,jCRNc RN
CNUnj cn$LCccCRN a3 UaRqC030 c s3II c 3uUINjCRNc R8 j@3 RnjUnjY
MRj3 j@j j@3 ,@Uj3a Ua3c3Njc j@3 RI0 q3acCRN R8 j@3 M3jK?+BBUN
L3j@R0 ICLCj30 jR ?HA/` LRI3,nI3c N0 NRj j@3 N3s q3acCRN ,RLA
LRN 8Ra II ?H ,Icc BB LRI3,nI3c c Ua3c3Nj30 CN +@Uj3a kY i@Cc Cc
0n3 jR j@3 8,j j@j j@3 UU3a CN,In030 CN j@Cc ,@Uj3a sc Un$ICc@30
UaCRa jR j@3 UU3a Ua3c3Nj30 CN +@Uj3a kY
:YS TU3a BBB
i@3 8RIIRsCN< UU3a sc Un$ICc@30 c  ,@Uj3a CN  $RRG 30Cj30 $w
T3j3a qN 2N03aj jCjI30 ^NjC<3N TaR,3ccCN<- K3j@R0c N0 TaRjR,RIc^
CN j@3 c3aC3cK3j@R0c CN KRI3,nIa #CRIR<w. qRIY Ofz CN DNnaw lzSkY
9O

:YSY TU3a BBB
#CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC, U3UjC03-
Ua30C,jCN< j@3 cU3,C~,Cjw R8 LERa K?+ ,Icc B N0
BB Uj@sw UIw3ac
QI3 HnN0. 20Cj FaRcC3N3. +Inc HnN03<a0. K3jj3 pRI0$w Hac3N.
N0 KRaj3N MC3Ic3N
+3Nj3a 8Ra #CRIR<C,I b3\n3N,3 NIwcCc. /3UajL3Nj R8 bwcj3Lc #CRIR<w.
i3,@NC,I mNCq3acCjw R8 /3NLaG. /FAl4zz HwN<$w. /3NLaG
$cja,j
#CRCN8RaLjC,c L3j@R0c 8Ra CLLnNRIR<w @q3 $3,RL3 CN,a3cA
CN<Iw nc30 Rq3a j@3 Icj 03,03 N0 NRs 8RaL N CNj3<aj30 Uaj R8LRcj
3UCjRU3 0Cc,Rq3aw UaRE3,jcY i@Cc sC03 nc<3 @c I30 jR j@3 ,RN8ncCRN R8
03~NCN< s@C,@ R8 j@3 LNw L3j@R0c jR nc3 8Ra s@j UaR$I3LcY BN j@Cc
,@Uj3a. N Rq3aqC3s Cc <Cq3N 8R,ncCN< RN j@3 cnCj3 R8 jRRIc 03q3IRU30
j j@3 i3,@NC,I mNCq3acCjw R8 /3NLaGY
F3wsRa0c BLLnN3 Ȁ 2UCjRU3 Ȁ K?+ Ȁ ?H Ȁ +Icc B Ȁ +Icc BB Ȁ NjC<3N
UaR,3ccCN< Ȁ TaRj3cRL3 Ȁ iT Ȁ pCcnICyjCRN Ȁ #CRCN8RaLjC,c Ȁ Ta30C,A
jCRN Ȁ r3$ c3aq3a
fS
+@Uj3a :Y #CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC, U3UjC03c
:YSYS BNjaR0n,jCRN
2uU3aCL3NjI L3j@R0c 8Ra NIwyCN< NjC<3NC, U3UjC03 <3N3ajCRN.
jaNcURaj. N0 $CN0CN< jR LERa @CcjR,RLUjC$CICjw ,RLUI3u VK?+W
,Icc B LRI3,nI3c a3 3uU3NcCq3 N0 jCL3 ,RNcnLCN<Y r@CI3 $CRCN8RaA
LjC,c L3j@R0c ,N N3q3a a3UI,3 3uU3aCL3Njc CN j@3 I$RajRaw. j@3w
Lw CN  @C<@Iw ,RcjA3{3,jCq3 LNN3a <nC03 j@3 3uU3aCL3NjI 3{Rajc
CN  0Ca3,jCRN j@j CN,a3c3c j@3 ICG3IC@RR0 R8 0Cc,Rq3aCN< CLLnNRA
IR<C,IIw CLURajNj a3cURNc3cY j j@3 i3,@NC,I mNCq3acCjw R8 /3NA
LaG. s3 @q3 Rq3a j@3 Icj 03,03 03q3IRU30  NnL$3a R8 L3j@R0c
8Ra Ua30C,jCN< s@C,@ Uaj R8 N NjC<3N LRcj ICG3Iw Cc Ua3c3Nj30 jR j@3
CLLnN3 cwcj3LY  ,RLUIC,jCN< 8,jRa Cc j@j j@3 K?+ LRI3,nI3c
ccR,Cj30 sCj@ a3cURNc3 jR 8Ra3C<N NjC<3Nc a3 3N,R030 j c3q3aI
IR,CY 7naj@3aLRa3. j@3c3 <3N3c a3 j@3LRcj URIwLRaU@C, CN j@3 @nLN
<3NRL3 N0 j@RncN0c R8 0C{3a3Nj II3I3c a3 GNRsNY KNw R8 j@3c3
II3I3c 3N,R03 0C{3a3Nj qaCNjc R8 K?+ LRI3,nI3c @qCN< 0C{3a3Nj
U3UjC03 $CN0CN< cU3,C~,CjC3cY ?Rs3q3a. Cj Cc URccC$I3 jR ,Incj3a II3A
I3c sCj@ cCLCIa cU3,C~,CjC3c CNjR 8nN,jCRNI <aRnUc ,II30 cnU3ajwU3c.
~acj 03c,aC$30 $w b3jj3 N0 bC0N3w )ez*Y i@3 UCRN33aCN< L3j@R0c 8Ra
Ua30C,jCN< $CN0CN< jR K?+ ,Icc B LRI3,nI3c cn,@ c #BKb )el* N0
bvT2Bi?B )ek* @3IU30 CNCjCj3 j@3 ~3I0 R8 CLLnNRIR<C,I $CRCN8RaLjA
C,c. $nj j@3c3 L3j@R0c @q3 cCN,3 $33N cnaUcc30 $w N3s3a L3j@R0c
ICG3 j@3 RN3c 03c,aC$30 CN j@Cc ,@Uj3a. N0 s3 UaRURc3 j@j 3uU3aCA
L3NjI 3{Rajc Lw $3 LCNCLCy30 $w $cCN< j@3 3uU3aCL3Njc RN j@3c3
N3s3a L3j@R0cY
:YSYl #CN0CN< R8 U3UjC03c jR K?+
BN a3,3Nj w3ac NnL3aRnc L3j@R0c 8Ra Ua30C,jCN< $CN0CN< jR K?+
LRI3,nI3c @q3 $33N UaRURc30Y i@3c3 L3j@R0c ,N $aR0Iw $3 0CA
qC030 CNjR jsR ,Icc3c- RN3 $3CN< j@3 II3I3AcU3,C~, N0 RN3 $3CN<
j@3 UNAcU3,C~, L3j@R0cY II3I3AcU3,C~, L3j@R0c a3 ,RNcjan,j30
8Ra  <Cq3N II3I3. N0 ,N CNj3aURIj3 $3js33N 0C{3a3Nj IC<N0c N0
<Cq3 Ua30C,jCRNc 8Ra U3UjC03c 8Ra s@C,@ NR $CN0CN< 0j a3 qCI$I3Y
N R$qCRnc ICLCjjCRN $w j@3c3 L3j@R0c Cc j@j Ua30C,jCRNc ,N RNIw
$3 L03 8Ra II3I3c 8Ra s@C,@  NnL$3a R8 $CN0CN< 0j Cc Ia30w
qCI$I3Y i@Cc a3\nCa3L3Nj @c $33N ,Ca,nLq3Nj30 $w j@3 cRA,II30
UNAcU3,C~, L3j@R0c. s@C,@ ,N IcR CNj3aURIj3 $3js33N 0C{3a3Nj
K?+II3I3c N0 j@ncLG3 Ua30C,jCRNc 8Ra II3I3c 8Ras@C,@ NR GNRsN
$CN03ac a3 qCI$I3Y i@Cc cjaRN<Iw CN,a3c3c j@3 NnL$3a R8 II3I3c 8Ra
s@C,@ Ua30C,jCRNc ,N $3 R$jCN30. 8aRL j@3 83s @nN0a30c 8Ra s@C,@
fl
:YSY TU3a BBB
$CN0CN< 0j Cc qCI$I3 jR j@3 LRa3 j@N k.zzz 8Ra s@C,@ j@3 UaRj3CN
c3\n3N,3 Cc GNRsNY
i@3 ,,na,w R8 L3j@R0c 8Ra K?+ U3UjC03 $CN0CN< Ua30C,jCRN 03A
U3N0c ,aCjC,IIw RN j@3 qCI$I3 0j ,@a,j3aCyCN< j@3 $CN0CN< cU3,CA
~,Cjw R8 j@3 K?+ LRI3,nI3cY i@Cc LG3c Cj q3aw 0C|,nIj 8Ra j@3
NRNA3uU3aj nc3a jR ,@RRc3 j@3 LRcj cnCj$I3 L3j@R0 8Ra Ua30C,jCN<
$CN0CN< jR  <Cq3N K?+LRI3,nI3Y iR ,RLUIC,j3 j@CN<c 3q3N 8naj@3a.
Cj @c $33N 03LRNcjaj30 j@j ,RNc3Ncnc L3j@R0c 03~N30 c ,RL$CA
NjCRNc R8 jsR Ra LRa3 0C{3a3Nj L3j@R0c I30 jR CLUaRq30 Ua30C,jCRN
,,na,wY
:YSYk Ta30C,jCRN R8 K?+ ,Icc B U3UjC03 $CN0CN<
iR $3N3~j 8aRL j@3 ,RNc3Ncnc UUaR,@ N0 jR <nC03 j@3 NRNA3uU3aj
nc3a RN c3I3,jCN< j@3 LRcj UUaRUaCj3 $CN0CN< Ua30C,jCRN L3j@R0
8Ra  <Cq3N K?+ ,Icc B LRI3,nI3. s3 @q3 a3,3NjIw 03q3IA
RU30 j@3 M3jK?+,RNc L3j@R0Y i@3 L3j@R0 Cc qCI$I3 j
@jjU-ggsssY,$cY0jnY0Ggc3aqC,3cgM3jK?+,RNcY
i@3 L3j@R0 CNj3<aj3c Ua30C,jCRNc 8aRL j@a33 s3IIA3cj$ICc@30
Ua30C,jCRN L3j@R0c VM3jK?+ )le. lz*. M3jK?+UN )kf. kk*. N0
TC,GTR,G3j )kS*W N0 IIRsc j@3 nc3a CN N njRLjC, LNN3a jR R$jCN
j@3 LRcj ,,naj3 Ua30C,jCRNc 8Ra Nw <Cq3N K?+ ,Icc B LRI3,nI3 R8
GNRsNUaRj3CN c3\n3N,3Y i@3 j@a33L3j@R0c CN,In030 CNM3jK?+,RNc
a3 cjj3 R8 j@3 aj N0 @q3 U3a8RaL30 s3II CN a3,3Nj $3N,@LaGc
)l4. lO. e:. kl. e9. ef*Y 7Ra K?+ ,Icc B II3I3c sCj@ s3IIA,@a,j3aCy30
$CN0CN< cU3,C~,Cjw. j@3 L3j@R0 Cc 03~N30 c  ,RL$CNjCRN R8 j@3
M3jK?+ N0 M3jK?+UN L3j@R0c. N0 8Ra II3I3c sCj@ nNGNRsN
$CN0CN< cU3,C~,Cjw. j@3 L3j@R0 Cc 03~N30 CN j3aLc R8 j@3 M3jK?+UN
L3j@R0 ,RL$CN30 sCj@ TC,GTR,G3jY 7Ra 03jCIc RN j@3 L3j@R0 N0 Cjc
$3N,@LaG U3a8RaLN,3 a383a jR )fz*Y
i@3 cn$LCccCRN cCj3 R8 j@3 c3aq3a ,N $3 c33N CN 7C<na3 :YSY
SY b3I3,jL3j@R0Y #w 038nIj. j@3 ,RNc3NcncL3j@R0 VM3jK?+,RNcW
Cc c3I3,j30 $nj 3,@ R8 j@3 j@a33 CN0CqC0nI Ua30C,jCRN L3j@R0c
,N $3 anN c3Uaj3IwY
lY b3I3,j II3I3VcWY iR C0 CN NqC<jCRN. j@3 II3I3c ICcj30 $w 038nIj
a3 ICLCj30 jR j@3 @nLN cnU3ajwU3 a3Ua3c3NjjCq3c. $nj II IA
I3I3c 8aRL 0C{3a3Nj @nLNgNCLI IR,C ,N $3 c3I3,j30 nN03a
^b3I3,j cU3,C3cgIR,C^ Vj@3 ICcj R8 c3I3,j$I3 II3I3c Cc ICLCj30 jR IA
I3I3c sCj@ s3IIA,@a,j3aCy30 $CN0CN< cU3,C~,Cjw s@3N ncCN< j@3
fk
+@Uj3a :Y #CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC, U3UjC03c
7C<na3 :YSY bn$LCccCRN cCj3 R8 M3jK?+,RNc c3aq3aY isR cn$LCccCRN jwU3c
a3 @N0I30 −  ICcj R8 U3UjC03c Ra UaRj3CN c3\n3N,3VcWY i@3 c3aq3a UaRqC03c 
URccC$CICjw 8Ra j@3 nc3a jR ,@RRc3 K?+LRI3,nI3c CN \n3cjCRN 8aRL  ICcj R8 II3A
I3c Ra Ij3aNjCq3Iw nUIR0  8nIIAI3N<j@ K?+ UaRj3CN c3\n3N,3 R8 CNj3a3cjY i@3
nc3a @c  ,@RC,3 R8 c3jjCN< j@3 j@a3c@RI0 8Ra 03~NCN< cjaRN< N0 s3G $CN03ac
$c30 RN Ua30C,j30 |NCjw VB+9zW Ra X`NGY i@3 RnjUnj ,N $3 cRaj30 $c30 RN
Ua30C,j30 $CN0CN< |NCjw c s3II c ~Ij3a30 RN j@3 nc3aAcU3,C~30 j@a3c@RI0cY
M3jK?+L3j@R0WY BN j@3K?+ II3I3 c3I3,jCRN ~3I0. LnIjCUI3 IA
I3I3c ,N $3 c3I3,j30 $nj j@3 c3I3,jCRN Cc ICLCj30 jR lz II3I3c U3a
cn$LCccCRNY KnIjCUI3 II3I3c ,N IcR $3 CNUnjj30 c  ,RLLA
c3Uaj30 ICcjY 7Ra j@3 UNAcU3,C~, L3j@R0c VM3jK?+,RNc.
M3jK?+UN. N0 TC,GTR,G3jW j@3 nc3a ,N nUIR0  ~I3 ,RNjCNA
CN< j@3 UaRj3CN c3\n3N,3 R8 N K?+ ,Icc B LRI3,nI3 j@j Cc NRj
LRN< j@3 qCI$I3. c3I3,j$I3 II3I3c. N0 j@3 L3j@R0 sCII U3aA
8RaL U3UjC03 $CN0CN< Ua30C,jCRNc 8Ra j@Cc LRI3,nI3Y
kY TaRqC03 CNUnj c3\n3N,3Y i@3 CNUnj ,N 3Cj@3a $3 CN U3UjC03 as
j3uj Ra UaRj3CN 7bi 8RaLjY BN U3UjC03 8RaLj. 3,@ ICN3 Cc
ccnL30 jR $3  c3Uaj3 U3UjC03Y II U3UjC03c Lncj $3 R8 3\nI
f:
:YSY TU3a BBB
I3N<j@Y BN 7bi 8RaLj. j@3 c3\n3N,3 R8 3,@ UaRj3CN Lncj $3
Ua3,3030 $w  ICN3 $3<CNNCN< sCj@  ^>^Y r@3N 7bi CNUnj Cc
nc30. LnIjCUI3 0C{3a3Nj 3UCjRU3 I3N<j@c 8aRL 4 jR SS a3cC0n3c
,N $3 c3I3,j30Y
:Y b3I3,j RnjUnj 8RaLjjCN<Y #w 038nIj j@3 RnjUnj Cc cRaj30 $w j@3
a3cC0n3 NnL$3a. $nj j@3 nc3a ,N ,@RRc3 jR cRaj j@3 RnjUnj $w
j@3 Ua30C,j30 $CN0CN< |NCjwY Ta30C,jCRNc 8Ra II j@3 CNUnj U3UA
jC03c <Cq3N a3 $w 038nIj $nj $w c3jjCN< ^7CIj3a RnjUnj^ jR ^v3c^.
RNIw j@3 U3UjC03c Ua30C,j30 jR $CN0 cjaRN<3a j@N j@3 03~N30
j@a3c@RI0c a3 <Cq3N CN j@3 RnjUnjY i@3 RnjUnj ,N RUjCRNIIw
$3 cq30 jR  ~I3 a30$I3 $w cUa30c@33j UUIC,jCRNc 8Ra 8naA
j@3a UaR,3ccCN< $w j@3 nc3aY
9Y Ta3cc cn$LCjY
fY rCj 8Ra j@3 c3aq3a jR UaR0n,3 RnjUnjY i@3 RnjUnj 8aRL j@3
c3aq3a ,RNcCcjc R8  ICcj R8 U3UjC03c. 3,@ ccR,Cj30 sCj@ j@a33
Ua30C,jCRN qIn3c- S−IR<9zGV{W. |NCjw. N0 X`NGY i@3
S−IR<9zG qIn3 Cc j@3 as c,Ra3 UaRqC030 $w j@3 Ua30C,jCRN
L3j@R0. N0 Cc a3Ij30 jR j@3 Ua30C,j30 $CN0CN< |NCjw qIn3
c S−IR<V{WgIR<V9z.zzzWY i@3 X`NG c,Ra3 <Cq3c X aNG R8 j@3
Ua30C,jCRN c,Ra3 jR  c3j R8 lzz.zzz aN0RL NjnaI OAL3a U3UA
jC03cY i@a3c@RI0c ,N $3 c3I3,j30 8Ra s@C,@ U3UjC03c jR a3URaj c
cjaRN< $CN03ac Vb#W N0 s33G $CN03ac Vr#WY i@3 U3UjC03c a3 IA
$3I30 c  cjaRN< $CN03a C8 j@3 X`NG c,Ra3 Ra j@3 $CN0CN< |NA
Cjw Cc $3IRs j@3 cU3,C~30 j@a3c@RI0c 8Ra j@3 cjaRN< $CN03acY HCG3A
sCc3. U3UjC03c a3 I$3I30 c s3G $CN03ac C8 j@3 X`NG Ra j@3
$CN0CN< |NCjw Cc $Rq3 j@3 j@a3c@RI0c R8 cjaRN< $CN03ac. $nj
$3IRs j@3 cU3,C~30 j@a3c@RI0 8Ra j@3 s3G $CN03acY
`383a3N,3c jR Rj@3a s3IIAU3a8RaLCN< L3j@R0c 8Ra Ua30C,jCRN R8 K?+
,Icc B $CN0CN< ,N $3 8RnN0 CN RN3 R8 j@3 c3q3aI a3qC3sc j@j @q3
$33N saCjj3N RN j@3 cn$E3,j CN,In0CN<  a3,3Nj RN3 8aRL Rna <aRnU
)ef*Y
:YSYkYS Ta30C,jCRN R8 K?+ ,Icc BB U3UjC03 $CN0CN<
7Ra ,Icc B. IC<NL3NjA8a33 L3j@R0c ICG3 j@3 RN3c 03c,aC$30 3aIC3a ,N
a30CIw $3 UUIC30. cCN,3 j@3 $CN0CN< LRjC8 Cc s3II ,@a,j3aCy30 N0
LRcj NjnaI U3UjC03c j@j $CN0 K?+ ,Icc B a3 R8 j@3 cL3 I3N<j@Y
f9
+@Uj3a :Y #CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC, U3UjC03c
7Ra K?+ ,Icc BB. j@3 cCjnjCRN Cc \nCj3 0C{3a3Nj 0n3 jR j@3 <a3j qaCA
$CICjw CN j@3 I3N<j@ R8 NjnaI K?+A$CN0CN< U3UjC03cY i@Cc qaCA
jCRN CN IC<N0 I3N<j@ LG3c IC<NL3Nj  ,an,CI N0 CNj3<aj30 Uaj R8
3cjCLjCN< j@3 K?+A$CN0CN< LRjC8 N0 Ua30C,jCN< U3UjC03 $CN0CN<Y
/naCN< j@3 Icj 03,03. Ia<3 3{Rajc @q3 $33N CNq3cj30 CN 03q3IRUCN<
0jA0aCq3N Ua30C,jCRNL3j@R0c 8RaK?+ ,Icc BB U3UjC03 $CN0CN<Y 7Ra
N Rq3aqC3s R8 j@3c3 a383a jR RN3 R8 j@3 LNw a3qC3sc saCjj3N RN j@3
j@3L3 CN,In0CN< j@3 RN3 saCjj3N $w Rna <aRnU )Sz*Y
i@3 $CN0CN< R8  U3UjC03 jR  <Cq3N K?+ ,Icc BB LRI3,nI3
Cc Ua30RLCNNjIw 03j3aLCN30 $w j@3 LCNR ,C0c Ua3c3Nj CN j@3
U3UjC03A$CN0CN< ,Ra3Y ?Rs3q3a. U3UjC03 a3cC0n3c NGCN< j@3 $CN0A
CN< ,Ra3 Vj@3 cRA,II30 U3UjC03 NGCN< a3cC0n3c. T7`W 0R IcR jR cRL3
03<a33 {3,j j@3 $CN0CN< |NCjw R8  U3UjC03 )ee. e4. ff*Y KRcj Un$A
ICc@30 L3j@R0c 8Ra K?+ ,Icc BB $CN0CN< Ua30C,jCRN 8R,nc RN C03NjCA
8wCN< j@3 U3UjC03A$CN0CN< ,Ra3 RNIw. C<NRaCN< j@3 3{3,jc RN j@3 $CN0A
CN< |NCjw R8 T7`cY BN j@3 sRaG $w )ff* Cj sc 03LRNcjaj30 j@j j@3
00CjCRNI CN8RaLjCRN UaRqC030 $w j@3 T7` I30c jR cC<NC~,NjIw CLA
UaRq30 Ua30C,jCRNcY
isR @C<@AU3a8RaLCN< L3j@R0c 8Ra K?+ ,Icc BB $CN0CN< Ua30C,A
jCRN 03q3IRU30 $w Rna <aRnU a3 M3jK?+BB )ff* N0 M3jK?+BBUN
):O. 9z*Y i@3 M3jK?+BB L3j@R0 Cc II3I3AcU3,C~, N0 IIRsc
8Ra U3UjC03ĢK?+ $CN0CN< Ua30C,jCRNc jR  c3j R8 S: ?HA/`.
cCu ?HA/[. cCu ?HA/T. N0 jsR LRnc3 ?l ,Icc BB II3I3cY
M3jK?+BBUN Cc ?HA/` UNAcU3,C~,. IIRsCN< 8Ra Ua30C,jCRN R8 U3UA
jC03 $CN0CN< jR II ?HA/`LRI3,nI3csCj@  GNRsNUaRj3CN c3\n3N,3Y
b3q3aI $3N,@LaG cjn0C3c @q3 03LRNcjaj30 j@3c3 L3j@R0c jR $3
@C<@ U3a8RaLCN< N0 cjj3 R8 j@3 aj )lO. k4. eO. 4z*Y
SY b3I3,j CNUnj c3\n3N,3cY #Rj@ L3j@R0c ,,3Uj CNUnj 3Cj@3a c CNA
0CqC0nI U3UjC03c CN as j3uj 8RaLj Ra c UaRj3CN c3\n3N,3VcW
nUIR030 CN 7bi 8RaLj Vc33 3aIC3aWY B8 UaRj3CN c3\n3N,3c
a3 nUIR030. j@3 nc3a ,N cU3,C8w j@3 U3UjC03 I3N<j@ N0 Ua3A
0C,jCRNc a3 L03 8Ra 3,@ Rq3aIUUCN< U3UjC03 R8 j@3 cU3,C~30
I3N<j@Y KnIjCUI3 K?+ II3I3c ,N $3 cU3,C~30Y
lY +ncjRLCy3 c3a,@Y i@3 CNUnj jR VN0 RnjUnj 8aRLW j@3
M3jK?+BBUNL3j@R0 Cc q3aw cCLCIa jR j@j R8 M3jK?+BBY QNIw
0R3c j@3 M3jK?+BBUN L3j@R0 Vc sc j@3 ,c3 8Ra K?+ ,Icc
B L3j@R0c 03c,aC$30 3aIC3aW IIRs j@3 nc3a jR nUIR0  ~I3 ,RNA
jCNCN< j@3 UaRj3CN c3\n3N,3 R8 N ?HA/`LRI3,nI3 j@j Cc NRj
LRN< j@3 qCI$I3. c3I3,j$I3 II3I3c. N0 j@3 L3j@R0 sCII U3aA
8RaL $CN0CN< Ua30C,jCRNc 8Ra j@Cc LRI3,nI3Y HCG3sCc3 j@3 nc3a
ff
:YSY TU3a BBB
,N 03~N3 j@3 Ua30C,jCRN c,Ra3 j@a3c@RI0 qIn3c nc30 jR ,IcA
cC8w Ua30C,jCRN c cjaRN< N0 s3G $CN03acY IcR ,N j@3 RnjUnj
8aRL j@3M3jK?+BBUN c3aq3a $3 cq30 jR  ~I3 a30$I3 $wLRcj
cUa30c@33j UUIC,jCRNc 8Ra 8naj@3a UaR,3ccCN< $w j@3 nc3aY
kY b3I3,j RnjUnj 8RaLjjCN<Y #w 038nIj j@3 RnjUnj Cc cRaj30 $w j@3
a3cC0n3 NnL$3a $nj j@3 RnjUnj ,N IcR $3 cRaj30 $w |NCjwY
Ta30C,jCRNc 8Ra II U3UjC03c a3 $w 038nIj <Cq3N $nj $w c3jjCN< 
^i@a3c@RI0^. RNIw j@3 U3UjC03c Ua30C,j30 jR $CN0 cjaRN<3a j@N
j@3 03~N30 j@a3c@RI0 VCN S−IR<9zG nNCjcW a3 <Cq3N CN j@3 RnjA
UnjY
:Y Ta3cc bn$LCjY
9Y rCj 8Ra RnjUnjY c 8Ra j@3 K?+ ,Icc B Ua30C,jCRN c3aq3a 03A
c,aC$30 3aIC3a. j@3 RnjUnj 8aRL j@3 K?+ ,Icc BB Ua30C,jCRN
c3aq3ac ,RNcCcjc R8  ICcj R8 U3UjC03c. 3,@ ccR,Cj30sCj@ j@3 Ua3A
0C,j30 $CN0CN< ,Ra3 N0 j@a33 Ua30C,jCRN qIn3c- S−IR<9zGV{W.
|NCjw. N0 X`NGY i@3 S−IR<9zG qIn3 Cc j@3 as c,Ra3 UaRA
qC030 $w j@3 Ua30C,jCRN L3j@R0. N0 Cc a3Ij30 jR j@3 Ua30C,j30
$CN0CN< |NCjw qIn3 c S−IR<V{WgIR<V9z.zzzWY i@3 X`NG
c,Ra3 <Cq3c X aNG R8 j@3 Ua30C,jCRN c,Ra3 jR  c3j R8 lzz.zzz aNA
0RL NjnaI U3UjC03cY T3UjC03c a3 I$3I30 c  cjaRN< $CN03a C8
j@3 $CN0CN< |NCjw Cc $3IRs 9z NKY HCG3sCc3. U3UjC03c a3 IA
$3I30 c  s3G $CN03a C8 j@3 $CN0CN< |NCjw Cc $3IRs 9zz NKY
:YSY: K?+KRjC8pC3s3a- $aRscCN< N0 qCcnICyjCRN R8
K?+ ,Icc B N0 ,Icc BB $CN0CN< LRjC8c
i@3 NnL$3a N0 $CN0CN< cU3,C~,Cjw 0Cq3acCjw R8 K?+ LRI3,nI3c
,N $3 Rq3as@3ILCN< 8Ra LRcj nc3acY iR @3IU <3j N
Rq3aqC3s. s3 @q3 03q3IRU30 j@3 K?+KRjC8pC3s3a c3aq3a
V@jjU-ggsssY,$cY0jnY0Gg$CRjRRIcgK?+KRjC8pC3s3agWY i@3 @RL3A
U<3 Cc c@RsN CN 7C<na3 :YlY
SY b3I3,j cU3,C3cgIR,CY #w ,IC,GCN< RN ^?nLN II3I3c^ 0C{3a3Nj IR,C
,N $3 c3I3,j30Y 7Ra Rj@3a cU3,C3c j@3 nc3a Cc jG3N 0Ca3,jIw jR 
ICcj R8 II3I3cY
lY b3I3,j II3I3Y +IC,GCN< RN RN3 R8 j@3 j@nL$NCI UC,jna3c sCII ,a3A
j3  Ia<3a IR<R 8Ra j@j II3I3Y i@Cc Cc c@RsN 8Ra ?HA!zSzk
CN j@3 aC<@j UN3I R8 7C<na3 :YlY QN j@3 uAuCc j@3 NCN3 URcCjCRNc
CN j@3 $CN0CN< LRjC8 a3 <Cq3NY i@3 @3C<@j R8 j@3 ,RInLNc R8
fe
+@Uj3a :Y #CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC, U3UjC03c
7C<na3 :YlY i@3K?+KRjC8pC3s3a c3aq3aY H38j UN3I c@Rsc j@3 @RL3U<3 R8 j@3
K?+KRjC8pC3s3a c3aq3a s@3a3 j@3 Ra<NCcL ,N $3 c3I3,j30Y ?nLN. LnaCN3.
,@CLUNy33. csCN3. <RaCII. N0 L,\n3 II3I3c ,N $3 $aRsc30Y BN j@3 aC<@j
UN3I N II3I3 8aRL j@3 ?nLN ?HA IR,C V?HA!zSzkW Cc c3I3,j30 N0 Cjc
LRjC8 Cc 0CcUIw30 c j@3 c3\n3N,3 IR<R a3Ua3c3NjjCRNY
I3jj3ac j 3,@ URcCjCRN ,Raa3cURN0c jR j@3 Ua30C,j30 ,RNjaC$nA
jCRN jR $CN0CN< RN j@j URcCjCRN ,I,nIj30 ,,Ra0CN< jR j@3 8RaA
LnI 03q3IRU30 $w FnII$,GĢH3C$I3a )fe*Y i@3 LCNR ,C0c 8Ra
s@C,@ j@3Ca 8a3\n3N,w 0C{3ac j@3LRcj 8aRL j@3 $,G<aRnN0 8a3A
\n3N,w 8Ra j@j LCNR ,C0 CN UaRj3CNc CN <3N3aI a3 c@RsNsCj@
j@3 @C<@3cj I3jj3acY i@3 Rq3aa3Ua3c3Nj30 LCNR ,C0c a3 c@RsN
$Rq3 j@3 uAuCc. N0 j@3 nN03aa3Ua3c3Nj30 RN3c $3IRsY
i@3 $CN0CN< LRjC8 R8 nU jR 8Rna 0C{3a3Nj II3I3c ,N $3 c@RsN cC03
$w cC03 $w ,IC,GCN< RN ^K?+ 7C<@j^Y #w 038nIj. II 8Rna II3I3c a3
j@3 cL3. $nj $w ,IC,GCN< RN j@3 $ICNGCN< ,nac3a. j@3 II3I3 NL3 ,N
$3 ,@N<30 $w 03I3jCN< VUaj R8W j@3 NL3 ncCN< j@3 $,GcU,3 G3w
N0 jwUCN< j@3 N3s NL3Y #w @RI0CN< j@3 ,nac3a Rq3a j@3 ^F^ $njjRN.
j@3 0CcUIw sCII c@C8j $3js33N c@RsCN<  FnII$,GĢH3C$I3a VFW. N0 
b3\n3N,3 8a3\n3N,w VbWA$c30 IR<RY BN  c3\n3N,3 8a3\n3N,wA$c30
IR<R j@3 a3IjCq3 @3C<@j R8 3,@ I3jj3a sCj@CN  ,RInLN Cc UaRURajCRNI
jR j@3 8a3\n3N,w R8 j@3 ,Raa3cURN0CN< LCNR ,C0 j j@j URcCjCRNY 
LRa3 03jCI30 3uUINjCRN ,N $3 8RnN0 CN ):9*Y
f4
:YSY TU3a BBB
:YSY9 ?Ha3cjaC,jRa- UjC3NjAcU3,C~, ?H a3cjaC,jCRN
3I3L3Njc N0 RUjCLI 3UCjRU3c sCj@CN U3UjC03c
+RNcC03aCN< j@3 LNw 0C{3a3Nj U3UjC03c j@j ,N $3 <3N3aj30.
3q3N 8aRL  cLII ja<3j UaRj3CN. N0 j@3 3uj3NcCq3 URIwLRaU@CcL
R8 j@3 Ua3c3NjCN< K?+ LRI3,nI3c. C03NjC8wCN< Uj@R<3NAcU3,C~,.
?HAa3cjaC,j30 i ,3II 3UCjRU3c ,N $3 N CLL3Nc3 3uU3aCL3NjI jcGY
iR a30n,3 j@Cc ,RLUI3uCjw. RN3 ,RnI0 ,RNq3NC3NjIw 3uUIRCj  ,RLA
LRNIw nc30 UUaR,@ R8 i ,3II 3UCjRU3 0Cc,Rq3aw- j3cjCN< Rq3aIUA
UCN< U3UjC03c VQHTW sCj@  I3N<j@ R8 S9ĢS4 LCNR ,C0c CN B7Mγ
a3I3c3. 2HBbTQi. Ra Rs ,wjRL3jaC, CNja,3IInIa cjCNCN< ccwcY
;Cq3N  URcCjCq3 U3UjC03 Cj Cc. @Rs3q3a. NRj  cCLUI3 jcG jR ~N0
j@3 ,jnI cjCLnIjRaw U3UjC03 VLCNCLI 3UCjRU3W N0 j@3 Ua3c3NjA
CN< ?H a3cjaC,jCRN 3I3L3NjY #w sw R8 3uLUI3.  S9AL3a U3UjC03
j3cj30 URcCjCq3 CN  UjC3Nj sCj@ cCu 0C{3a3Nj ?H ,Icc B LRI3,nI3c
,RnI0 URj3NjCIIw $3 3uUICN30 $w Nw RN3 R8 j@3 URccC$I3 22 ∗ 6 = 132
4ĢSSAL3a ?H ,RL$CNjCRNcY iR IRs3a j@Cc 3uU3aCL3NjI $na03N.
s3 @q3 03q3IRU30 N CLLnNRCN8RaLjC,c L3j@R0. ?Ha3cjaC,jRa
VsssY,$cY0jnY0Ggc3aqC,3cg?Ha3cjaC,jRaW ):k*. s@C,@ @c $33N jCA
IRa30 jR cnUURaj +iH 3UCjRU3 0Cc,Rq3aw CN CN0CqC0nI cn$E3,jcY c
CNUnjc. j@3 L3j@R0 a3\nCa3c j@3 LCNR ,C0 c3\n3N,3 R8 j@3 URcCA
jCq3 U3UjC03VcW N0 j@3 ?H jwU3 R8 j@3 CN0CqC0nI CN \n3cjCRN V@C<@A
a3cRInjCRN ?H jwUCN<. 3Y<Y. ?HA!zSzS. N0 Ua383a$Iw 8Ra II a3IA
3qNj IR,C. 3Y<Y. 8Ra ?HA. A#. A+ 8Ra ?H ,Icc BAa3cjaC,j30 +iH a3A
cURNc3cWY mcCN< j@3c3 CNUnjc.?Ha3cjaC,jRa ,a3j3c II URccC$I3 4. O. Sz.
N0 SSAL3a U3UjC03c 8aRL j@3 ja<3j U3UjC03cVcW. Ua30C,jc j@3Ca $CN0A
CN< jR II j@3 ?H LRI3,nI3c CN \n3cjCRN. N0 <3N3aj3c N RnjUnj
~I3 ,RNcCcjCN< R8 j@3 LRcj ICG3Iw U3UjC03g?H ,RL$CNjCRNVcWY T3UA
jC03g?H j3jaL3ac Cc RN3 R8 j@3 LRcj 3|,C3Nj L3Nc jR qIC0j3 i
,3II 3UCjRU3c. N0 ?Ha3cjaC,jRa ,N IcR $3 qC3s30 c  jRRI 8Ra 38A
~,C3Nj 03cC<N R8 cU3,C~, U3UjC03g?H j3jaL3acY i@3 q3@C,I3 $3A
@CN0 j@3 ?Ha3cjaC,jRa Cc j@3 M3jK?+UN L3j@R0. N0 j@3 r3$U<3
CNj3a8,3 $3ac  @C<@ a3c3L$IN,3 jR j@3 CNj3a8,3c 8Ra M3jK?+UN.
M3jK?+BBUN. N0 M3jK?+,RNcY
SY b3I3,j CNUnj c3\n3N,3cY KnIjCUI3 U3UjC03 c3\n3N,3c ,N $3 nUA
IR030 CN 7bi 8RaLjY
lY b3I3,j ?H II3I3cY i@3 @Rcj ?H II3I3 NL3c ,N $3 c3I3,j30
Ra jwU30 CNY
kY b3I3,j I3N<j@c R8 3UCjRU3cY i@3 I3N<j@c R8 j@3 Ua30C,j30 LCNCLI
3UCjRU3c ,N $3 cU3,C~30Y
fO
+@Uj3a :Y #CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC, U3UjC03c
:Y b3I3,j Ua30C,jCRN j@a3c@RI0Y i@a3c@RI0 qIn3c 03~NCN< @Rs j@3
Ua30C,jCRN c,Ra3c a3 CNj3aUa3j30 ,N $3 cU3,C~30 CN j3aLc R8
j@a3c@RI0 qIn3c 8Ra cjaRN< N0 s3G $CN0CN< U3UjC03cY
rCj@ 038nIj c3jjCN<c. j@3 c3aq3a sCII c,N II URccC$I3 4. O. Sz. N0
SSAL3a U3UjC03c 8aRL j@3 ja<3j U3UjC03cVcW 8Ra $CN0CN< jR II ?H
II3I3c R8 j@3 @Rcj N0 a3URaj U3UjC03c sCj@ X`NG c,Ra3 I3cc j@N Ra
3\nI jR zY9 Ra |NCjw cjaRN<3a j@N 9z NK c cjaRN< $CN03ac. N0 U3UA
jC03c sCj@ X`NG c,Ra3 I3cc j@N Ra 3\nI jR l Ra |NCjw cjaRN<3a j@N
9zz NK c s3G $CN03acY
:YSYf BNj3aUa3jCN< j@3 RnjUnj 8aRL j@3 Ua30C,jCRN c3aq3ac
II j@3 Ua30C,jCRN c3aq3ac 03c,aC$30 @3a3 UaRqC03 j@a33 Ua30C,jCRN
c,Ra3c 8Ra 3,@ U3UjC03. c s3II c  I$3I ,IccC8wCN< j@3 U3UjC03c CNjR
<aRnUc R8 cjaRN< N0 s3G $CN03acY 7Ra j@3 3N0 nc3a. j@3c3 Ua30C,A
jCRN qIn3c a3 L3Nj jR c3aq3 c  <nC03 jR LG3 ajCRNI U3UjC03
c3I3,jCRNc 8Ra 3UCjRU3 0Cc,Rq3aw N0gRa CNj3aUa3jjCRN R8 CLLnN3 a3A
cURNc3cY i@Cc RU3Nc 8Ra \n3cjCRNc RN @Rs jR 03~N3 a3I3qNj j@a3c@A
RI0c a3IjCN< Ua30C,jCRN qIn3c jR ICG3IC@RR0c R8  U3UjC03 $3CN<  i
,3II 3UCjRU3Y Bj Cc $3,RLCN< UUa3Nj j@j NRj II K?+ LRI3,nI3c
Ua3c3Nj U3UjC03c j j@3 cL3 $CN0CN< j@a3c@RI0 )4S. :f*Y i@3 jsR 0CcA
jCN,j Ua30C,jCRN qIn3c V|NCjw N0 X`NGW a3 CN,In030 jR ,Ujna3
j@3c3 CNjaCNcC, 0C{3a3N,3c $3js33N K?+ LRI3,nI3c CN j3aLc R8 $CN0A
CN< j@a3c@RI0 8Ra Ua3c3NjjCRN R8 U3UjC03cY Ha<3 $3N,@LaG cjn0C3c
@q3 03LRNcjaj30 j@j j@3 qcj LERaCjw R8 GNRsN +iH 3UCjRU3c a3
,@a,j3aCy30 $w @qCN<  X`NG c,Ra3 I3cc j@N Ra 3\nI jR l Ra N
|NCjw cjaRN<3a j@N 9zz NK ):k. ::. 4l*Y i@3c3 NnL$3ac a3 @3N,3
nc30 c 038nIj qIn3c 8Ra j@3 03~NCjCRN R8 s3G $CN0CN< U3UjC03c 8Ra
II K?+ ,Icc B Ua30C,jCRN L3j@R0cY 7Ra K?+ ,Icc BB j@3 cCjnjCRN Cc
I3cc ,I3aY r@CI3 Cj Cc ,I3a j@j j@3 Ua30C,jCRN qIn3c ,Raa3Ij3 cjaRN<Iw
sCj@ j@3 L3cna30 $CN0CN< |NCjw. 83s cjn0C3c @q3 CNq3cjC<j30 j@3
0Ca3,j ,Raa3IjCRN $3js33NX`NG c,Ra3. Ua30C,j30 |NCjw qIn3c. N0
j@3 ICG3IC@RR0 R8  U3UjC03 $3CN< CLLnNR<3NC,Y i@3 038nIj qIn3c
8Ra j@3 ,IccC~,jCRN R8 U3UjC03c c s3G N0 cjaRN< $CN03ac a3 @3N,3
URRaIw EncjC~30 8RaK?+ ,Icc BB. N0 j@3 a3IjCRNc@CU jR j@3 ICG3IC@RR0
R8 $3CN< CLLnNR<3NC, Cc j j@3 $3cj URRaIw CNq3cjC<j30Y ?Rs3q3a.
8Ra $Rj@ K?+ ,Icc B N0 ,Icc BB Cj Cc ,I3a j@j ncCN< j@3 Ua30C,jCRN
c,Ra3 jR aNG U3UjC03c UaRqC03c  @C<@Iw ,RcjA3{3,jCq3 jRRI jR <nC03
j@3 3uU3aCL3NjI 3{Rajc CN  0Ca3,jCRN j@j CN,a3c3c j@3 ICG3IC@RR0 R8
0Cc,Rq3aCN< CLLnNRIR<C,IIw CLURajNj a3cURNc3cY
ez
:YSY TU3a BBB
:YSYe i@3 K?+ ,Icc B NjC<3N Ua3c3NjjCRN Uj@sw
c Uaj R8 j@3 UaRj3CN a3,w,ICN<L,@CN3aw. UaRj3CNc CN Rna ,3IIc a3 ,nj
CNjR c@Raj3a U3UjC03c $w j@3 UaRj3cRL3Y i@3c3 U3UjC03c Lw $CN0 jR
j@3 jaNcURaj3a ccR,Cj30sCj@ NjC<3N UaR,3ccCN< ViTW N0 $3 jaNcA
83aa30 jR j@3 3N0RUIcLC, a3jC,nInL V2`WY BNcC03 j@3 2`. U3UjC03cLw
$3 8naj@3a jaCLL30. $CN0 j@3 K?+ ,Icc B LRI3,nI3c. N0 $3 jaNcA
URaj30 IRN< sCj@ Cj jR j@3 ,3II cna8,3Y B8 j@3 U3UjC03 Cc R8 NRNAc3I8
RaC<CN. j@3 U3UjC03ĢK?+ ,RLUI3u Lw $CN0 jR  i ,3II a3,3UjRa Vi+`W
RN  ,wjRjRuC, i ,3II. s@C,@ sCII j@3N CNCjCj3 N CLLnN3 a3cURNc3Y
KRa3 03jCI30 03c,aCUjCRNc R8 N0 a383a3N,3c jR j@3c3 UaR,3cc3c ,N
$3 8RnN0 CN Rj@3a ,@Uj3ac R8 j@Cc $RRGY i@3 j@a33 LRcj 3cc3NjCI R8
j@3 $Rq3 cj3Uc V,I3q<3 $w j@3 UaRj3cRL3. jaNcURaj $w iT. N0
$CN0CN< jR K?+ ,Icc BW @q3 $33N LR03I30 $w $CRCN8RaLjC,c L3j@A
R0c j@j ,N Ua30C,j s@C,@ U3UjC03c 8aRL  <Cq3N UaRj3CNgRa<NCcL
a3 LRcj ICG3Iw jR $3 Ua3c3Nj30 jR j@3 CLLnN3 cwcj3LY
:YSY4 M3j+@RU- UaRj3cRLI ,I3q<3c VK?+ ,Icc B IC<N0cW
 L3j@R0 @c $33N 03q3IRU30. s@C,@ Ua30C,jc UaRj3cRLI ,I3q<3
cCj3cY i@3 L3j@R0 Cc ,II30 M3j+@RU )4k*. N0  c3aq3a Cc qCI$I3 j
@jjU-ggsssY,$cY0jnY0Ggc3aqC,3cgM3j+@RUgY
SY b3I3,j Ua30C,jCRN L3j@R0Y isR 0C{3a3Nj q3acCRNc R8 j@3 L3j@R0
3uCcj- ^+ j3aL kYz^ N0 ^lzb kYz^Y i@3w 0C{3a $w j@3 c3jc R8
0j j@3w @q3 $33N jaCN30 RNY r@CI3 M3j+@RU lzb kYz @c
$33N jaCN30 RN CN qCjaR ,RNcjCjnjCq3 UaRj3cRL3 UaRj3CN 0C<3cjc.
M3j+@RU + j3aL kYz @c $33N jaCN30 RN NjnaI K?+ ,Icc B IC<A
N0cY i@3 ajCRNI3 8Ra j@3 Ijj3a Cc j@j j@3 UaRj3cRL3 LRcj
ICG3Iw @c <3N3aj30 j@3 IC<N0 c +Aj3aLCNI 3N0cY M3j+@RU +
j3aL kYz Ua30C,jc j@3 +Aj3aLCNI 3N0 R8 +iH 3UCjRU3c sCj@ 
@C<@3a cU3,C~,Cjw j@N M3j+@RU lzb kYz V@c 83s3a 8Ic3 URcCA
jCq3cWY i@3 LCN a3cRN 8Ra j@Cc Cc j@j cCN,3 Cj Cc jaCN30 RN NjA
naI IC<N0c. Cj Ua30C,jc  ,RL$CNjCRN R8 K?+ ,Icc B $CN0CN<.
iT jaNcURaj 3|,C3N,w. N0 UaRj3cRLI ,I3q<3Y
lY b3I3,j CNUnj c3\n3N,3Y i@3 CNUnj jR j@3 c3aq3a Cc UaRj3CNc Ra
U3UjC03 8a<L3Njc CN 7bi 8RaLj Vc33 3aIC3aWY i@3 L3j@R0
ccC<Nc  c,Ra3 CN j@3 aN<3 zĢS jR 3,@ a3cC0n3 CN j@3 CNUnj c3A
\n3N,3Y i@3 @C<@3a j@3 c,Ra3. j@3 LRa3 ICG3Iw Cj Cc j@j j@3 UaRA
j3cRL3 ,I3q3c 8j3a j@Cc a3cC0n3Y MRj3 j@j j@3 c,Ra3 a383ac
jR ,I3q<3 R8 j@3 U3UjC03 $RN0 RN j@3 +Aj3aLCNI cC03 R8 j@3
a3cC0n3 jR s@C,@ j@3 c,Ra3 Cc ccC<N30Y
eS
+@Uj3a :Y #CRCN8RaLjC,c C03NjC~,jCRN R8 NjC<3NC, U3UjC03c
kY b3I3,j Ua30C,jCRN j@a3c@RI0Y #w 038nIj. zY9 Cc nc30 c j@3 j@a3c@A
RI0 8Ra Ua30C,j30 UaRj3cRLI ,I3q<3Y BN j@3 RnjUnj. c,Ra3c
$Rq3 j@3 j@a3c@RI0 a3 ccC<N30 N ^b^ CN j@3 + V,I3q<3W ,RIA
nLN. s@CI3 IRs3a c,Ra3c a3 ccC<N30  ^Y^Y
:YSYO M3j+iH N0 M3j+iHUN- CNj3<aj30 ,Icc B NjC<3N
Ua3c3NjjCRN
isR L3j@R0c j@j CNj3<aj3 Ua30C,jCRNc R8 UaRj3cRLI +Aj3aLCNI
,I3q<3. iT jaNcURaj 3|,C3N,w. N0 K?+ ,Icc B $CN0CN< 8Ra j@3
Rq3aII Ua30C,jCRN R8 K?+ ,Icc B Ua3c3NjjCRN ,II30 M3j+iH N0
M3j+iHUN @q3 $33N 03q3IRU30 $w Rna <aRnUY i@3 M3j+iH L3j@R0
)4:* Cc qCI$I3 j @jjU-ggsssY,$cY0jnY0Ggc3aqC,3cgM3j+iHgY 7Ra
Ua30C,jCRN R8 UaRj3cRLI ,I3q<3. Cj nc3c M3j+@RU + j3aL kYz Vc33
$Rq3WY Ta30C,jCRNc R8 iT jaNcURaj 3|,C3N,w a3 $c30 RN j@3
s3C<@j LjaCuA$c30 L3j@R0 03c,aC$30 $w T3j3ac 3j IY )49*Y 7Ra Ua3A
0C,jCRNc R8 K?+ ,Icc B $CN0CN<. M3jK?+ Vc33 $Rq3W Cc nc30Y
SY b3I3,j CNUnj c3\n3N,3Y i@3 CNUnj jR j@3 c3aq3a Cc UaRj3CNc Ra U3UA
jC03 8a<L3Njc CN 7bi 8RaLj Vc33 3aIC3aWY
lY b3I3,j II3I3gcnU3ajwU3Y i@3 nc3a Lncj cU3,C8w 8Ra s@C,@ R8 j@3
SlK?+ ,Icc B cnU3ajwU3c j@3 Ua30C,jCRNc c@RnI0 $3 U3a8RaL30
VS. l. k. l:. lf. #e. #4. #le. #kO. #::. #94. Ra #fld 8Ra
 03~NCjCRN R8 cnU3ajwU3c c33 )ez*WY M3j+iH CNj3<aj3c j@3 CN0CA
qC0nI c,Ra3c 8aRL M3j+@RU. j@3 iT LjaCu. N0 M3jK?+ CNjR
RN3. Rq3aII c,Ra3Y iR IIRs 8Ra ,RLUaCcRN $3js33N 0C{3a3Nj
K?+ ,Icc B cnU3ajwU3c. j@3 a3c,I30 |NCjw Cc nc30 Vc33 )4:*
8Ra 03jCIc RN @Rs j@3 a3c,I30 |NCjw Cc ,I,nIj30WY
kY b3I3,j s3C<@jCN< R8 UaR,3ccCN< cj3UcY c 038nIj. j@3 a3IjCq3
s3C<@j R8 +Aj3aLCNI ,I3q<3 Cc zYS9. s@CI3 Cj Cc zYz9 8Ra iT
jaNcURaj 3|,C3N,wY i@3 038nIj s3C<@jc @q3 $33N 8RnN0 jR a3A
cnIj CN RUjCLI U3a8RaLN,3. $nj ,N $3 ,@N<30 $w j@3 nc3aY
:Y b3I3,j Ua30C,jCRN j@a3c@RI0Y i@3 nc3a ,N IcR cU3,C8w s@C,@
j@a3c@RI0 jR nc3 8Ra 03~NCN<  +iH 3UCjRU3Y #w 038nIj Cj Cc zYe9Y
9Y b3I3,j cRajCN< R8 RnjUnjY HcjIw. j@3 nc3a ,N cU3,C8w @Rs j@3 OA
L3ac R8 j@3 CNUnj c3\n3N,3 c@RnI0 $3 cRaj30 CN j@3 RnjUnjY BN j@3
038nIj ^NR cRaj^ RUjCRN. j@3 OAL3ac a3 ICcj30 ,,Ra0CN< jR j@3 RaA
03a CN s@C,@ j@3w UU3a CN j@3 CNUnj c3\n3N,3Y Ij3aNjCq3Iw.
el
:YSY TU3a BBB
j@3w ,N $3 cRaj30 ,,Ra0CN< jR j@3 ,RL$CN30 c,Ra3. K?+ $CN0A
CN<. UaRj3cRLI ,I3q<3. Ra iTY 7Ra 3,@ OAL3a cn$AU3UjC03
CN j@3 CNUnj c3\n3N,3. j@3 RnjUnj sCII ICcj j@3 Ua30C,j30 |NCjw
N0 j@3 Ua30C,jCRN c,Ra3c R8 UaRj3cRLI ,I3q<3. iT $CN0CN<.
N0 ~NIIw  ,RL$CN30 c,Ra3Y B8 j@3 ,RL$CN30 c,Ra3 Cc $Rq3 j@3
c3I3,j30 j@a3c@RI0 8Ra 03~NCN< N 3UCjRU3. Cj CcLaG30 $w N ^2^Y
M3j+iHUN Cc N 3uj3N030 N0 CLUaRq30 q3acCRN R8M3j+iH. s@C,@
Cc qCI$I3 j @jjU-ggsssY,$cY0jnY0Ggc3aqC,3cgM3j+iHUNg N0
03c,aC$30 CN 03jCI CN ):f*Y i@3 +Aj3aLCNI UaRj3cRLI ,I3q<3 N0
iT jaNcURaj 3|,C3N,w a3 Ua30C,j30 c 8Ra j@3 M3j+iH L3j@R0.
s@CI3K?+,Icc B $CN0CN< Cc $c30 RN j@3M3jK?+UNL3j@R0Y r@CI3
M3j+iH RNIw IIRsc 8Ra Ua30C,jCRNc R8 U3UjC03c a3cjaC,j30 $w RN3 R8 j@3
Sl K?+ ,Icc B cnU3ajwU3c. M3j+iHUN IIRsc 8Ra Ua30C,jCRNc R8 +iH
3UCjRU3c $CN0CN< Nw K?+ ,Icc B LRI3,nI3 8Ra s@C,@ j@3 UaRj3CN c3A
\n3N,3 Cc GNRsNY c 8Ra j@3 $Rq3A03c,aC$30 UN Ua30C,jCRN L3j@A
R0c. Cj Cc 00CjCRNIIw URccC$I3 jR Ucj3 CN Ra nUIR0  ~I3 ,RNjCNCN<
j@3 UaRj3CN c3\n3N,3 R8 NK?+ ,Icc B LRI3,nI3 j@j Cc NRj LRN< j@3
qCI$I3. c3I3,j$I3 II3I3c. N0 j@3L3j@R0sCII U3a8RaL +iH 3UCjRU3
Ua30C,jCRNc 8Ra j@Cc LRI3,nI3Y M3j+iHUN 8naj@3aLRa3 U3a8RaLc Ua3A
0C,jCRNc 8Ra 4ĢSSAL3acY i@3 r3$U<3 CNj3a8,3 R8 M3j+iHUN $3ac 
@C<@ a3c3L$IN,3 jR j@3 CNj3a8,3c R8 M3j+iHY QN3 0C{3a3N,3 Cc j@j Cj
Cc URccC$I3 jR c3I3,j  j@a3c@RI0 j@j j@3 ,RL$CN30 c,Ra3 Lncj 3u,330
8Ra j@3 Ua30C,jCRNc jR $3 0CcUIw30 CN j@3 RnjUnj U<3Y #w 038nIj. j@Cc
j@a3c@RI0 Cc−OOYO. s@C,@ a3cnIjc CN II Ua30C,jCRNc $3CN< 0CcUIw30Y BN
j@3 RnjUnj U<3. j@3 cL3 qIn3c a3 ICcj30 c CN j@3 M3j+iH RnjUnjY
00CjCRNIIw. j@3 X`NG qIn3 Cc <Cq3N Vc33 $Rq3 8Ra 03~NCjCRN R8 j@3
X`NG qIn3WY
ek

Chapter5
#CRCN8RaLjC,c NIwcCc R8 3UCjRU3c 8aRL
w3IIRs 83q3a qCanc q,,CN3 cjaCN Se/
/ЛЁϔϩόLw T@/. B @q3 $33N CNqRIq30 CN  ,RII$RajCq3 a3c3a,@UaRE3,j 030C,j30 jR 0Cc,Rq3a i ,3II 3UCjRU3c 8aRL  w3IIRs83q3a qCancY i@3 Ua30C,jCRN L3j@R0c Ua3c3Nj30 CN Ua3qCRnc
,@Uj3ac ,RLURc30 j@3 Ia<3cj Uaj R8 Rna ,RNjaC$njCRN jR j@3 UaRE3,jY
i@3L3j@R0cs3a3 @C<@Iw nc30 $w Rna ,RII$RajRac 8Ra j@3 c3I3,jCRN R8
URj3NjCI 3UCjRU3cY BN 00CjCRN jR j@3 Ua30C,jCRN jRRIc. s3 ,RNjaC$nj30
jR j@3 UaRE3,j $w U3a8RaLCN<  c@Raj cjn0w RN 3UCjRU3 LUUCN< N0
0CcjaC$njCRN NIwcCcY i@Cc ,@Uj3a Ua3c3Njc j@3 LCN ~N0CN<c R8 j@Cc
UaRE3,jY
e9
+@Uj3a 9Y #CRCN8RaLjC,c NIwcCc R8 v7 3UCjRU3c
9YS BNjaR0n,jCRN
9YSYS v3IIRs 83q3a 0Cc3c3 N0 w3IIRs 83q3a qCanc
v3IIRs 83q3a Vv7W Cc RN3 R8 j@3LRcj CN83,jCRnc 0Cc3c3c 8RnN0LRcjIw CN
jaRUC,I a3<CRNc R8 8aC, N0 bRnj@ L3aC,Y Bj Cc  LRc\nCjRA$RaN3
0Cc3c3 ,nc30 $w  w3IIRs 83q3a qCanc 8aRL j@3 7IqCqCanc <3Nnc R8
j@3 7IqCqCaC03 8LCIw )4f*Y v7 qCanc CN83,jCRN CN @nLNc Lw I30 jR
83q3a. Nnc3. ,@CIIc. @30,@3. $,G N0 Lnc,I3 ,@3c 3j,Y BN c3q3a3
,c3c. CN83,jCRN ,nc3c ICq3a 0L<3 sCj@ EnN0C,3 N0 I30c jR 03j@
)4e*Y i@3 NnL$3a R8 v7 CN83,jCRNc a3URaj30 $w i@3 rRaI0 ?3Ij@ QaA
<NCyjCRN a3,@3c lzz.zzz CN,In0CN< $Rnj kz.zzz 03j@c 3q3aw w3aY
v7 0Cc3c3 @c $33N a3A3L3a<CN< Rq3a j@3 Icj jsR 03,03c )44* N0
cCN,3 NR NjCqCaI 0an< Cc qCI$I3 8Ra j@3 ja3jL3Nj. q,,CNjCRN a3A
LCNc j@3 RNIw N0 LRcj CLURajNj cRInjCRN 8Ra j@3 Ua3q3NjCRN R8 j@3
0Cc3c3Y i@3 ICq3Ajj3Nnj30 q,,CN3 <CNcj v7 Cc ,RNcC03a30 jR $3
RN3 R8 j@3 LRcj c83. 3{3,jCq3 N0 {Ra0$I3 qCaI q,,CN3c j@j @c
3q3a $33N ,a3j30Y i@3 q,,CN3 Cc $c30 RN j@3 Se/ qCanc cjaCN N0
sc 03q3IRU30 $w Ku i@3CI3a CN j@3 SOkz_cY bCN,3 j@3N. LRa3 j@N
9zz LCIICRN 0Rc3c @q3 $33N nc30 sCj@ LRa3 j@N O9X cn,,3cc8nI UaRA
j3,jCRN 8Ra j I3cj Sz w3ac )4O. Oz*Y
9YSYl v7 qCanc <3NRL3 URIwUaRj3CN
i@3 v7 qCanc q,,CN3 cjaCN Se/ Vv7ASe/W ,RNjCNc  k.:SS LCNR ,C0
URIwUaRj3CN V;3N3#NG B/- 7z9l:keYS )OS*W ,RLURc30 R8 j@a33 cjan,A
jnaI N0 c3q3aI NRNAcjan,jnaI UaRj3CNc )Ol. Ok. O:. O9*Y i@3 `M R8
j@3 v7 qCanc Cc $Rnj SS GCIR$c3c IRN< N0 @c RNIw RN3 RU3N a30A
CN< 8aL3 sCj@CN s@C,@ j@3 UaRj3CN 3N,R0CN< <3N3c @q3 $33N 03A
j3aLCN30 c 8RIIRsc- 9_A+AUaKA2AMbSAMblAMbl#AMbkAMb:AMb:#A
Mb9Ak_ )Of*Y i@3 ,RLURcCjCRN R8 j@3 <3NRL3 URIwUaRj3CN Cc c,@3LjCA
,IIw a3Ua3c3Nj30 CN 7C<na3 9YSY i@3 MAj3aLCNI 3N0 R8 j@3 URIwUaRj3CN
3N,R03c j@a33 cjan,jnaI UaRj3CNc V,UcC0 UaRj3CN +d L3L$aN3 Ua3A
,nacRa. UaKd N0 3Nq3IRU3 UaRj3CN 2W j@j ,RLURc3 CLLjna3 qCaCRNc
cc3L$I30 CN j@3 3N0RUIcLC, a3jC,nInL V2`WY i@3 a3LCNCN< c3q3N
UaRj3CNc a3 NRNAcjan,jnaI VMbW UaRj3CNc sCj@ 0C{3a3Nj 8nN,jCRNc CLA
URajNj 8Ra j@3 a3UIC,jCRN N0 cc3L$Iw R8 j@3 qCanc )Oe. O4*Y
9YSYk 2uU3aCL3NjI ccwc
b3q3aI CLLnNRIR<C,IL3j@R0c @q3 $33N 03q3IRU30 CN Ra03a jRL3A
cna3 i ,3II a3cURNc3c jR CN0CqC0nI NjC<3Nc N0 C03NjC8w URj3NjCI 3UCA
jRU3c 8aRL  ,@Rc3N Uj@R<3NC, <3NRL3Y QN3 <aRnU R8 cn,@ L3j@R0c
ef
9YSY BNjaR0n,jCRN
101 164 493 352 224 130 623 126 250 905
Capsid 
protein C
prM Envelope protein E NS1 NS2A NS2B NS3 NS4A NS4B NS5
7C<na3 9YSY b,@3LjC, a3Ua3c3NjjCRN R8 j@3 v7 qCanc Se/ q,,CN3 cjaCN
URIwUaRj3CNY bjan,jnaI N0 NRNAcjan,jnaI UaRj3CNc a3 a3Ua3c3Nj30 $w j@3 a30
N0 $In3 nNCjc. a3cU3,jCq3IwY i@3 NnL$3ac CNcC03 j@3 nNCjc CN0C,j3 j@3 I3N<j@
VNnL$3a R8 LCNR ,C0cW R8 3,@ UaRj3CNY
Cc $c30 RN03j3,jCRN R8 qaCRnc ,wjRGCN3c N0 CN,In03c 3NywL3AICNG30
CLLnNRcRa$3Nj cURj V2HBbTQiW N0 CNja,3IInIa ,wjRGCN3 cjCNCN<
VB+bW ccwcY bn,@ ccwc a3 $c30 RN L3cnaCN<  0C{3a3N,3 $3A
js33N UaR0n,jCRN R8 ,wjRGCN3c $w i ,3IIc CN j@3 Ua3c3N,3 N0 $c3N,3
R8 N NjC<3NY N 2HBbTQi ccw Cc @C<@Iw c3NcCjCq3 jRsa0c \nNA
jC~,jCRN R8 IRsA8a3\n3N,w i ,3II a3cURNc3c N0 Cc q3aw sC03Iw nc30
jR 03j3,j NjC$R0wAUaR0n,CN< ,3IIc c s3II c jR C03NjC8w a3cURNc3c R8
j@3 i ,3IIc cU3,C~, 8Ra qCaI NjC<3NcY QN j@3 Rj@3a @N0. 3q3N sCj@ 
IRs3a c3NcCjCqCjw. j@3 B+b ccw URcc3cc3c N $CICjw jR 03j3,j a3cURN0A
CN< ,3II jwU3cY /n3 jR j@3c3 83jna3c $Rj@ ccwc a3 ,RLLRNIw nc30
jR<3j@3a. ncCN< 2HBbTQi ccwc 8Ra CNCjCI c,a33NCN<. 8RIIRs30 $w j@3
B+b L3j@R0 jR qIC0j3 03j3,j30 a3cURNc3c N0 C03NjC8w j@3 a3cURN0A
CN< ,3II jwU3c )OO. Szz*Y 7Ra 8naj@3a qIC0jCRN R8 NjC<3NAcU3,C~, i
,3IIc. j3jaL3a cjCNCN< j3,@NC\n3 Cc nc30 )SzS*Y i@3 L3j@R0 Cc $c30
RN j3jaL3ac ,RNcCcjCN< R8 LnIjCUI3 $RnN0 U3UjC03ĢK?+ ,RLUI3u3c
CN Ra03a jR CN,a3c3 $CN0CN< qC0Cjw 8Ra i ,3IIcY i3jaL3ac $CN0 RNIw
U3UjC03AcU3,C~, i ,3IIc. j@3a38Ra3 IIRsCN< CN qCjaR C03NjC~,jCRN R8 i
,3IIc cU3,C~, 8Ra CN83,jCRnc <3Njc )SzS*Y
9YSY: /j c3j
7Ra Rna NIwcCc. s3 nc30  ICcj R8 f4 nNC\n3 +/4+ i ,3II 3UCjRU3c Vc33
i$I3 +YSW C03NjC~30 $w 2HBbTQi N0 B+b ccwc ncCN< $IRR0 cLUI3c
8aRL  Ia<3 ,R@Raj R8 0RNRac q,,CNj30 <CNcj w3IIRs 83q3a 0Cc3c3Y
T@3NRjwUC, ?H II3IC, ,RLURcCjCRN R8 j@3 0RNRac ,Rq3a30 j3N ?HA
. Sf ?HA# N0 RN3 ?HA+ II3I3Y bRL3 R8 j@3 3UCjRU3c @q3 $33N
8RnN0 jR $3 ccR,Cj30 sCj@ c3q3aI K?+ LRI3,nI3c. a3cnIjCN< CN 4f
3UCjRU3ĢK?+ ,RL$CNjCRNc c Ua3c3Nj30 CN i$I3 +YlY
ee
+@Uj3a 9Y #CRCN8RaLjC,c NIwcCc R8 v7 3UCjRU3c
9Yl #CRCN8RaLjC,c NIwcCc
9YlYS 2UCjRU3 LUUCN< jR v7 qCanc URIwUaRj3CN
mcCN< j@3 ICcj R8 3UCjRU3c Ua3c3Nj30 CN i$I3 +YS. s3LUU30 j@3 a3U3aA
jRCa3 R8 j3cj30 3UCjRU3c jR j@3 v7ASe/ URIwUaRj3CNY i@3 a3cnIjc a3 03A
UC,j30 CN 7C<na3 9YlY 2,@ URcCjCRN R8 j@3 URIwUaRj3CN R$jCN30  c,Ra3
3\nI jR j@3 NnL$3a R8 3UCjRU3c cjajCN< j j@j URcCjCRNY i@3 ~<na3
03LRNcjaj3c j@j j@3 0CcjaC$njCRN R8 3UCjRU3c ,aRcc j@3 8nII <3NRL3
Cc ILRcj j a3cnIjCN< RNIw CN  83s <Uc N0 RN3 ,@a,j3aCcjC, U3GY
YF virus polyprotein sequence positions
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7C<na3 9YlY 2uU3aCL3NjIIw 03j3aLCN30 3UCjRU3c LUU30 jR v7ASe/ URIwUaRA
j3CNY 2UCjRU3 ,RnNj 8Ra 3,@ URcCjCRN a3Ua3c3Njc  NnL$3a R8 3UCjRU3c cjajCN<
j j@j URcCjCRNY
xRRLCN< CNjR j@3 U3G $3js33N URcCjCRNc S.zzz N0 S.9zz R8 j@3
URIwUaRj3CN. s3 ~N0 ,Raa3cURN0CN< 3UCjRU3c LUU30 jR j@3 qCanc c3A
\n3N,3 c c@RsN CN 7C<na3 9YkY bCu 3UCjRU3c ,RLUaCcCN< j@3 @C<@3cj
c,Ra3 CN 7C<na3 9Yl a3 8RnN0 jR $3 ,IRc3Iw IR,j30 RN j@3 <3NRL3
c3\n3N,3Y i@3 3UCjRU3c a3 ,Incj3a30 CNjR jsR <aRnUc R8 j@a33 U3UA
jC03c $3IRN<CN< jR 3Cj@3a MbS Ra Mbl UaRj3CNcY r3 NRj3 j@j 3UCA
jRU3c cjajCN< j URcCjCRN S.SS: @q3 N Rq3aIU R8 j3N LCNR ,C0c N0
e4
9YlY #CRCN8RaLjC,c NIwcCc
YF-17D sequence
NS1 NS2A
1114 1131
7C<na3 9YkY `3<CRN R8 j@3 v7ASe/ URIwUaRj3CN ,RNjCNCN< j@3 @C<@3cj NnL$3a
R8 3UCjRU3cY bCu 3UCjRU3c s3a3 C03NjC~30 j j@3 3N0 R8 UaRj3CN MbS N0 j j@3
$3<CNNCN< R8 UaRj3CN MblY i@3 3UCjRU3c a3 LUU30 jR j@3 v7 qCanc URIwUaRA
j3CN c3\n3N,3 $3js33N URcCjCRNc SSS: N0 SS:kY /C{3a3Nj ,RIRnacLaG 0C{3a3Nj
<aRnUc R8 LCNR ,C0cY
a3 $Rj@ 8RnN0 jR $3 a3cjaC,j30 jR j@3 ?HA#!zezl II3I3Y bCLCIaIw.
3UCjRU3c cjajCN< j j@3 ~acj URcCjCRN R8 Mbl UaRj3CN VS.SkS URcCjCRN
R8 j@3 URIwUaRj3CNW a3 $Rj@ 8RnN0 jR $CN0 jR j@3 ?HA#!:zzS II3I3Y
i3jaL3a cjCNCN< NIwcCc 03LRNcjaj30 j@j j@3 `T`Fi?2b?H N0
`T`Fi?2b?Hp U3UjC03c a3 a3,R<NCy30 $w jsR 0C{3a3Nj i ,3II URUA
nIjCRNcY QN j@3 Rj@3a @N0. j@3 ;2B?pT7;Hp N0 ;2B?pT7;H
s3a3 a3,R<NCy30 $w j@3 cL3 i ,3II URUnIjCRN N0 a3Ua3c3Nj RN3 ,A
jnI 3UCjRU3Y
9YlYl /CcjaC$njCRN R8 3UCjRU3c sCj@CN v7 qCanc UaRj3CNc
BN Ra03a jR CNq3cjC<j3 C8 cRL3 v7 qCanc UaRj3CNc ,RNjCN  @C<@3a NnLA
$3a R8 CLLnNR<3NC, cC<NIc j@N Rj@3ac. s3 ,I,nIj30 j@3 03NcCjw
R8 3UCjRU3c sCj@CN 3,@ UaRj3CNY i@3 a3cnIjc a3 Ua3c3Nj30 CN i$I3
9YS N0 qCcnICc30 CN 7C<na3 9Y:Y i@3 03NcCjw sc ,I,nIj30 c j@3
NnL$3a R8 3UCjRU3c U3a cCN<I3 URcCjCRN R8  UaRj3CNY 7Ra ,RLUaCcRN.
s3 03~N30  $,G<aRnN0 03NcCjw 3\nI jR j@3 03NcCjw R8 j@3 s@RI3
URIwUaRj3CNY r3 nc30 cjjCcjC,I NIwcCc jR ,RLUa3 UaRURajCRNc R8
P3UCjRU3cgPa3cC0n3c R8 3,@ UaRj3CN jR j@3 $,G<aRnN0 UaRURajCRN N0
cc3cc30 xAc,Ra3cY 7Ra  ,RN~03N,3 I3q3I R8 O9X. j@3 xAc,Ra3c c@RnI0
cjCc8w j@3 3\njCRNc- xAc,Ra3≤−SYOf N0 xAc,Ra3≥SYOfY 7C<na3 9Y:
c@Rsc j@j LRcj R8 j@3 UaRj3CNc Vc3q3N Rnj R8 j3NW a3,@ j@3 03NcCjw
$Rq3 j@3 $,G<aRnN0 qIn3 R8 zYzlY ?Rs3q3a. NR cjjCcjC,IIw cC<NC8A
C,Nj 0C{3a3N,3c $3js33N 03NcCjw R8 +/4+ 3UCjRU3c sCj@CN 3,@ UaRA
j3CN N0 s@RI3 URIwUaRj3CN c3\n3N,3 s3a3 R$c3aq30 Vc33 i$I3 9YSWY
QN3 ,N NRjC,3 8aRL i$I3 9YS j@j CN Ra03a jR LCNjCN nNC8RaL
03NcCjw ,aRcc II UaRj3CNc. IRN<3a UaRj3CNc c@RnI0 ,RNjCN  @C<@3a
eO
+@Uj3a 9Y #CRCN8RaLjC,c NIwcCc R8 v7 3UCjRU3c
i$I3 9YSY 2UCjRU3 03NcCjw R8 UaRj3CNc 8aRL j@3 v7ASe/ qCanc cjaCNY
TaRj3CN NL3 P3UCjRU3c Pa3cC0n3c /3NcCjw xAc,Ra3
+UcC0 UaRj3CN + S Szl z.zSz Az.ele
UaK z Sf: z.zzz AS.4lf
2Nq3IRU3 UaRj3CN 2 Sz :Ok z.zlz z.z9l
MbS SS k9l z.zkS S.:Sz
Mbl f ll: z.zle z.ezk
Mbl# : Skz z.zkS z.49O
Mbk Sk flk z.zlS z.S9l
Mb: : Slf z.zkl z.Oll
Mb:# 9 l9z z.zlz z.zze
Mb9 S: Oz9 z.zS9 Az.4e9
P3UCjRU3c a383ac jR j@3 NnL$3a R8 3UCjRU3c sCj@CN 3,@ UaRj3CN. Pa3cC0n3c a383ac jR
j@3 I3N<j@ R8 3,@ UaRj3CN CN j3aLc R8 LCNR ,C0 NnL$3a. xAc,Ra3cs3a3 ,I,nIj30
,RLUaCN< UaRURajCRNc R8 P3UCjRU3cgPa3cC0n3cY
NnL$3a R8 3UCjRU3c j@N c@Raj3a UaRj3CNcY i@Cc Cc ,RN~aL30 CN 7C<na3
9Y9 s@C,@ 03LRNcjaj3c j@j j@3 R$c3aq30 NnL$3a R8 3UCjRU3c Cc  0CA
a3,j 8nN,jCRN R8 UaRj3CN cCy3Y `3<a3ccCRN NIwcCc ,RN~aL30 j@j j@3
NnL$3a R8 3UCjRU3c CN,a3c3c cC<NC~,NjIw sCj@ CN,a3c30 c3\n3N,3
I3N<j@ R8  UaRj3CN VU<zYzzzS. 3u,j U3aLnjjCRN j3cjWY
C prM E NS1 NS2A NS2B NS3 NS4A NS4B NS5
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7C<na3 9Y:Y 2UCjRU3 03NcCjw 8Ra 3,@ v7 qCanc UaRj3CNY i@3 03NcCjw sc ,IA
,nIj30 c j@3 NnL$3a R8 3UCjRU3c U3a cCN<I3 UaRj3CN a3cC0n3Y ?RaCyRNjI ICN3
,Raa3cURN0c jR j@3 $,G<aRnN0 3UCjRU3 03NcCjw R8 j@3 LCNR ,C0 c3\n3N,3 R8
j@3 s@RI3 qCanc <3NRL3Y
4z
9YlY #CRCN8RaLjC,c NIwcCc
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7C<na3 9Y9Y /3U3N03N,w R8 j@3 NnL$3a R8 3UCjRU3c RN j@3 UaRj3CN cCy3Y i@3
I3N<j@ R8 j@3 UaRj3CN Cc <Cq3N CN LCNR ,C0 a3cC0n3cY bRIC0 ICN3 a3Ua3c3Njc j@3
I3cj c\na3 ~j 8Ra j@3 0jY
9YlYk 2UCjRU3 Ua30C,jCRN LR03Ic
i@3 G3w cj3U CN NjC<3N a3,R<NCjCRN $w +/4+ i ,3IIc Cc Ua3c3NjjCRN R8
NjC<3N RN K?+ ,Icc B LRI3,nI3cY rCj@ j@Cc CN LCN0. s3 NIwc30
j@3 CLU,j R8 j@3 U3UjC03ĢK?+ Ua30C,jCRNc 8Ra j@3 3UCjRU3 C03NjC~A
,jCRN UaR,3ccY ?qCN< j@3 3UCjRU3 0CcjaC$njCRN UaR~I3 Ua3c3Nj30 CN
7C<na3 9Yl. s3 CNq3cjC<j30 jR s@j 03<a33 3UCjRU3 0CcjaC$njCRN ,N $3
3uUICN30 $w j@3 UaR~I3 R8 Ua30C,j30 $CN03ac jR K?+ LRI3,nI3cY
i@3 8nII c3\n3N,3 R8 j@3 v7 qCanc URIwUaRj3CN sc c,NN30 8Ra
Rq3aIUUCN< 4A jR SSAL3ac. a3cnIjCN< CN Sk.fSz U3UjC03cY 7Ra j@Cc U3UA
jC03 c3j s3 Ua30C,j30 $CN0CN< |NCjC3c ncCN< j@3M3jK?+,RNcL3j@R0
)fz*Y 7aRL j@3 RnjUnj s3 c3I3,j30 RNIw j@3 cjaRN< $CN03ac sCj@  Ua3A
0C,j30 $CN0CN< |NCjw <9z NK Ra  X`NG ≤zY9XY  X`NG c,Ra3
Cc  0C{3a3Nj sw jR L3cna3 @Rs s3II  U3UjC03 $CN0c jR  UajC,nIa
K?+ LRI3,nI3 N0 sc Ua3qCRncIw 03c,aC$30 CN ?RR8 3j IY )::*Y i@3
c,Ra3 Cc ,I,nIj30 $w aNGCN< j@3 U3UjC03 CN \n3cjCRN $w Cjc Ua30C,j30
|NCjw IRN< sCj@ lzz.zzz NjnaI aN0RL OAL3aC, U3UjC03c 8Ra j@3
cL3 ?H LRI3,nI3Y  X`NG R8 zY9X L3Nc j@j RNIw zY9X R8 aNA
0RL U3UjC03c @q3  Ua30C,j30 $CN0CN< |NCjw cjaRN<3a j@N j@j R8
j@3 \n3aw U3UjC03Y
4S
+@Uj3a 9Y #CRCN8RaLjC,c NIwcCc R8 v7 3UCjRU3c
i@3 c3I3,jCRN R8 j@3 Ua30C,j30 cjaRN< $CN03ac 8aRL Rna U3UjC03 c3j
sc j@3N nc30 jR LG3 N ?H $CN0CN< UaR~I3 8Ra j@3 v7ASe/ c3A
\n3N,3Y 7Ra j@Cc. s3 nc30 U@3NRjwUC, 8a3\n3N,C3c R8 II jwU30 0RNRac
a3Ua3c3NjCN< /NCc@ URUnIjCRNY 7Ra 3,@ URcCjCRN. s3 ,I,nIj30 N
?H 8a3\n3N,w c,Ra3 ,Raa3cURN0CN< jR j@3 cnL R8 U@3NRjwUC, ?H
8a3\n3N,C3c 8Ra II ?H II3I3c 8aRL Rna 0j c3j @qCN<  cjaRN<
$CN03a j j@j UajC,nIa URcCjCRNY 7Ra ,RLUaCcRN. j@3?H 8a3\n3N,w
c,Ra3 8Ra j@3 3UCjRU3csc R$jCN30 $w 00CN< nU U@3NRjwUC, 8a3\n3NA
,C3c R8 j@3 II3I3c $CN0CN< j@3 3UCjRU3c 8RnN0 CN 3,@ URcCjCRN R8 j@3
c3\n3N,3Y i@3 UIRj Cc c@RsN CN 7C<na3 9Yf RN j@3 I38j UN3I N0 03LRNA
cjaj3c @C<@ ,Raa3IjCRN $3js33N j@3 jsR UaR~I3cY i@3 aC<@j UN3I R8
7C<na3 9Yf c@Rsc ,Raa3cURN0CN< UaR~I3c 8Ra j@3 c,Ra3 s@3a3 j@3 ?H
8a3\n3N,w sc a3UI,30 $w  $CNaw cnLLjCRN − 00CN< S C8 j@3 URA
cCjCRN Cc Uaj R8 j@3 cjaRN< $CN03a Ra N 3UCjRU3. N0 00CN< z C8 Cj Cc
NRjY i@3 ,Raa3IjCRN $3js33N j@3 jsR ,naq3c c33Lc jR 03,a3c3 CN j@Cc
,c3Y T3acRN_c ,Raa3IjCRN ,R3|,C3Nj ,I,nIj30 8Ra j@3 jsR ,naq3c Cc
3\nI jR zY:zf VU<zYzzzS. 3u,j U3aLnjjCRN j3cjW s@3N j@3 a3I ?H
8a3\n3N,C3c s3a3 nc30 N0 T++=zYllS VU<zYzzzS. 3u,j U3aLnjjCRN
j3cjW s@3N RNIw $CN0CN<gNRNA$CN0CN< cjaj3<w sc UUIC30Y i@3 0C8A
83a3N,3 $3js33N j@3 T++ R8 j@3 $CNaw N0 j@3 8a3\n3N,wA$c30 LR0A
3Ic sc 8RnN0 jR $3 cC<NC~,Nj VU<zYzzS. ncCN< $RRjcjaUWY i@3 ,Raa3A
IjCRN ,R3|,C3Njc N0 j@3 U qIn3c s3a3 ,I,nIj30 ncCN< ~jj30 ,naq3c
N0 NRj j@3 as 0j CN Ra03a jR a3LRq3 NRCc3 R,,naaCN< 8aRL @qCN<
jRR 83s 3UCjRU3cY c ,N $3 c33N 8aRL j@3 a3cnIjc. 3UCjRU3 UaR~I3 ,N
jR  @C<@ 03<a33 $3 3uUICN30 $w j@3 cjaRN< Ua30C,j30 $CN03ac. N0
K?+ 8a3\n3N,w CLUaRq3c j@3 LR03I 8Ra 3UCjRU3 Ua30C,jCRNcY
9YlY: b3I3,jCRN R8 URj3NjCI 3UCjRU3c ncCN< Ua30C,jCRN
L3j@R0c
r3 c@Rs30 j@j j@3 G3w cj3U CN C03NjC8wCN< v7 3UCjRU3c Cc ~N0CN<
cjaRN< $CN03ac jR j@3Ca a3cjaC,j30K?+LRI3,nI3Y i@Cc LG3c U3UjC03A
K?+ $CN0CN< Ua30C,jCRN L3j@R0c q3aw CLURajNj CN j@3 Ua3Ac3I3,jCRN
UaR,3cc R8 URj3NjCI 3UCjRU3c sRaj@ j3cjCN< CN j@3 I$Y /naCN< j@3 a3A
,3Nj w3ac Rna <aRnU @c 03q3IRU30 c3q3aI K?+ $CN0CN< Ua30C,A
jCRN L3j@R0c. c Ua3c3Nj30 CN +@Uj3a :Y i@3 L3j@R0c @q3 $33N
nc30 $w 0C{3a3Nj <aRnUc R8 3uU3aCL3NjICcjc jR ,@RRc3 URj3NjCI 3UCA
jRU3c <CNcj 0C{3a3Nj Uj@R<3Nc. @Rs3q3a RN3 Cccn3 a3LCNc nNA
,I3aY c 3uUICN30 CN +@Uj3a :. cRL3 Ua30C,jCRN L3j@R0c cn,@ c
M3jK?+UN. TC,GTR,G3j N0 M3jK?+,RNc UaRqC03 jsR GCN0c R8 c,Ra3c
− $CN0CN< |NCjw N0X`NG− 8Ra 03~NCjCRN R8 cjaRN< $CN03acY #CN0A
CN< |NCjw CN j3aLc R8 NK Cc j@3 LRcj ,RLLRN Ua30C,j30 L3cna3
4l
9YlY #CRCN8RaLjC,c NIwcCc
7C<na3 9YfY +Raa3IjCRN $3js33N Ua30C,j30 cjaRN<?H$CN03ac N0 C03NjC~30
v7 qCanc 3UCjRU3cY i@3 UaR~I3c 8Ra cjaRN< ?H $CN03ac N0 3UCjRU3c a3 ,I,nA
Ij30 $w cnLLCN< U@3NRjwUC, URUnIjCRN 8a3\n3N,C3c R8 ?H LRI3,nI3c 8aRL
j@3 0j c3j VI38jW N0 ncCN< $CN0CN<gNRNA$CN0CN< $CNaw cnLLCN< UUaR,@
VaC<@jWY i@3 c3j R8 cjaRN< $CN03ac sc ,a3j30 $w c3I3,jCN< II 4ĢSSL3a U3UjC03c
8aRL j@3 v7 qCanc c3\n3N,3 N0 ncCN< M3jK?+,RNcL3j@R0 jR Ua30C,j $CN0CN<
jR ?HLRI3,nI3cY i@3 T++ sc ,I,nIj30 ncCN< 9zz Rq3aIUUCN< URCNjc 8aRL
3,@ ,naq3Y
nc30 $w CLLnNRIR<Ccjc. I3qCN< j@3 X`NG c  aa3Iw nc30 L3cna3
CN j@3 3URjCU3 Ua3Ac3I3,jCRN UaR,3ccY r3 3LUIRw30 w3IIRs 83q3a qCanc
3UCjRU3 0j jR CNq3cjC<j3 j@3 CLU,j R8 $Rj@ L3cna3cY
mcCN< j@3 M3jK?+,RNc Ua30C,jCRN L3j@R0. s3 CNq3cjC<j30 s@j
U3a,3Nj<3 R8 II 4f 3UCjRU3c sc C03NjC~30 sCj@ 0C{3a3Nj ,njAR{c R8
IR<AjaNc8RaL30 |NCjw VS−IR<9z.zzzV{WW N0 j@3 X`NG c,Ra3Y i@3
a3cnIjc 03UC,j30 CN 7C<na3 9Ye c@Rs j@j <RCN< CN j@3 0Ca3,jCRN 8aRL
cjaRN< jR s3G $CN03ac. j@3 X`NG ,naq3 Cc Ln,@ cj33U3a j@N j@3
IR<A|NCjw ,naq3Y KRa3 j@N O9 X R8 3UCjRU3c ,N $3 C03NjC~30 sCj@
 X`NG ,njAR{ R8 lX s@CI3 8Ra j@3 $CN0CN< |NCjw j@3 IR<Ac,Ra3 @c
jR <R 0RsN jR zYl V,Raa3cURN0CN< jR N |NCjw R8 9.4zz NKW CN Ra03a jR
C03NjC8w j@3 cL3 LRnNj R8 3UCjRU3cY BN 00CjCRN jR j@Cc.  `Q+ ,naq3
CN 7C<na3 9Ye c@Rsc Ua30C,jCq3 U3a8RaLN,3 R8 j@3 L3j@R0 s@3N ncA
CN< X`NG N0 IR<Ac,Ra3 jR 0C{3a3NjCj3 $CN03ac 8aRL NRNA$CN03acY
?3a3. 4f v7 3UCjRU3c s3a3 ,jCN< c jan3 URcCjCq3c N0 II j@3 Rj@3a
4ĢSSL3a U3UjC03c s3a3 ccC<N30 jR $3 ,jnI N3<jCq3cY Bj Cc UUa3Nj
CN 7C<na3 9Ye j@j j j@3 cL3 cU3,C~,Cjw. j@3 aNG ,naq3 @c @C<@3a
c3NcCjCqCjw N0 qC,3 q3acY 7Ra 3uLUI3. j j@3 cU3,C~,Cjw R8 zYO4z. j@3
IR<Ac,Ra3 @c  c3NcCjCqCjw R8 zYOSO s@CI3 j@3 aNG a3,@3c c3NcCjCqCjw
4k
+@Uj3a 9Y #CRCN8RaLjC,c NIwcCc R8 v7 3UCjRU3c
7C<na3 9YeY +RLUaCcRN R8 j@3X`NG N0 j@3 IR<AjaNc8RaL30 |NCjw c,Ra3c
8Ra ,@RRcCN< URj3NjCI 3UCjRU3cY T3a,3Nj<3 R8 3UCjRU3c C03NjC~30 j 0C{3a3Nj
,njAR{c 8Ra $Rj@ L3cna3c a3 c@RsN RN j@3 I38jY i@3 aC<@j UN3I <Cq3c `Q+
,naq3c R8 Ua30C,jCq3 U3a8RaLN,3c R$jCN30 ncCN< $Rj@. X`NG N0 IR<A|NCjw
L3cna3cY
R8 zYOeeY KRa3Rq3a. j j@3 c3NcCjCqCjw R8 zYOzz. j@3 IR<Ac,Ra3 @c cU3,CA
~,Cjw R8 zYO4: V7T=9.4fzW N0 8Ra j@3 aNG c,Ra3 j@3 cU3,C~,Cjw Cc zYOOS
V7T=k.:9zWY i@3 m+ qIn3c s3a3 ,I,nIj30 jR $3 zYOO9 N0 zYOOk 8Ra
j@3 X`NG N0 IR<Ac,Ra3. a3cU3,jCq3Iw. N0 jR $3 cC<NC~,NjIw 0C{3aA
3Nj VU<zYzS. ncCN< $RRjcjaUW. LGCN< j@3 X`NG  $3jj3a L3cna3 jR
C03NjC8w URj3NjCI 3UCjRU3cY
9Yk /Cc,nccCRN
QN3 ,N 3uU3,j j@j v7 qCanc N0 Rj@3a qCanc3c 8aRL j@3 7IqCqCaCA
03 8LCIw ,RNjCN  @C<@3a NnL$3a R8 @C<@Iw CLLnNR<3NC, 3UCjRU3c
sCj@CN j@3 cjan,jnaI UaRj3CNcY BN0330. Ua3qCRnc cjn0C3c RN i ,3II a3A
cURNc3c <CNcj r3cj MCI3 qCanc 8aRL j@3 cL3 8LCIw. cn<<3cj30 j@j
3Nq3IRU3 UaRj3CN 2 Cc RN3 R8 j@3LRcj CLLnNR<3NC, UaRj3CNc )Szl. Szk*Y
BN j@Cc cjn0w. ncCN<  c3j R8 4f v7 3UCjRU3c C03NjC~30 CN  Ia<3 ,R@Raj
R8 0RNRac. s3 CNq3cjC<j30 s@3j@3a j@3 3UCjRU3 0CcjaC$njCRN 03U3N0c
RN j@3 cjan,jna3 N0 8nN,jCRN R8 j@3 UaRj3CNcY
KUUCN< R8 j@3 qIC0j30 3UCjRU3c RN jR j@3 v7 qCanc URIwUaRj3CN
03LRNcjaj30 j@j j@3a3 Cc NR 0CcjCN,jCq3 @C<@Iw CLLnNR<3NC, a3<CRN
sCj@CN j@3 s@RI3 c3\n3N,3Y i@3 3UCjRU3c s3a3 8RnN0 jR $3 3q3NIw 0CcA
jaC$nj30. sCj@ j@3 LRa3 03Nc3 a3<CRNc $3CN< {3,j30 $w j@3 $Cc R8
j@3 @C<@Iw Rq3aIUUCN< U3UjC03c 3uCcjCN< CN j@3 0j URRIY 7Ra s@j
4:
9YkY /Cc,nccCRN
,RN,3aNc 3UCjRU3 03NcCjw. NRN3 R8 j@3 UaRj3CNc c@Rs30 jR @q3 cC<NC8A
C,NjIw @C<@3a 03NcCjw R8 CLLnNR<3NC, U3UjC03c j@N j@3 UaRj3RL3
c  s@RI3Y 7naj@3aLRa3. s3 03LRNcjaj30 j@j j@3 NnL$3a R8 3UCA
jRU3c 03U3N0c cjaRN<Iw RN j@3 cCy3 R8 j@3 UaRj3CNY ?3N,3. j@3c3 ~N0A
CN<c 0R NRj ,RN~aL s@j sc 8RnN0 $w Ua3qCRcIw L3NjCRN30 cjn0C3c
)Szl. Szk*Y QN j@3 Rj@3a @N0. j@3 a3cnIjc a3 CN <a33L3Nj sCj@ j@3
cjn0w Un$ICc@30 $w Rna <aRnU RN j@3 r3cj MCI3 qCanc )4l*Y
 cjaRN< ,Raa3IjCRN $3js33N j@3 ?H UaR~I3 R8 Ua30C,j30 cjaRN<
?H $CN03ac N0 ,jnI qIC0j30 3UCjRU3c a3cjaC,j30 jR  UajC,nIa
?HLRI3,nI3. cn<<3cj30 j@j LCNR ,C0 ,RLURcCjCRN R8 j@3 v7 qCanc
URIwUaRj3CN LC<@j $3 j@3 LRcj CLURajNj UaRU3ajw 8Ra c3I3,jCRN R8 URA
j3NjCI 3UCjRU3cY #c30 RN cn,@ a3cnIjc. j@3 v7 3UCjRU3 0Cc,Rq3aw UaRA
,3cc ,N $3LRcjIw <nC030 $w j@3 U3UjC03Ģ?H $CN0CN<. C03NjC~,jCRN
CN,a3cCN< j@3 CLURajN,3 R8 Ua30C,jCRN L3j@R0c 8Ra K?+ $CN0CN<Y
BN Ra03a jR 8,CICjj3 Ua3Ac3I3,jCRN UaR,3cc R8 URj3NjCI ,N0C0j3c. s3
3uLCN30 j@3 CLU,j RN j@3 c3I3,jCRN s@3N ncCN< X`NG c,Ra3 N0
IR<AjaNc8RaL30 |NCjw c,Ra3 c c3I3,jCN< 8,jRacY 2q3N j@Rn<@ $CN0A
CN< |NCjw L3cna30 CN NK Cc Ua383aa30 $w CLLnNRIR<Ccjc sRaGCN<
sCj@CN j@3 ~3I0. Rna NIwcCc 03LRNcjaj30 j@3 URs3a R8X`NG c,Ra3Y
QN j@3 qIC0j30 v7 3UCjRU3c s3 03LRNcjaj30 @C<@ c3NcCjCqCjw N0
@C<@ c3I3,jCq3 URs3a R8 j@3 X`NG c,Ra3Y IcR. X`NG Cc  $3jj3a L3A
cna3 $3,nc3 0C{3a3Nj?HLRI3,nI3c c@Rs0C{3a3Nj $CN0CN< UaRLCcA
,nCjwY 7Ra 3uLUI3. anNNCN< Ua30C,jCRNc 8Ra lzz.zzz NjnaI aN0RL
U3UjC03c c@Rs30 j@j j N |NCjw j@a3c@RI0 R8 9zz NK. ?HA!zlzS
$CN0c kY4X R8 j@3 aN0RL U3UjC03c. s@CI3 8Ra ?HA!zSzS j@Cc NnLA
$3a a3,@3c RNIw zY:XY i@3a38Ra3. j@3 nc3 R8 j@3 X`NG L3cna3
c@RnI0 cjaRN<Iw $3 ,RNcC03a30 8Ra 3qInjCN< j@3 URj3NjCI 3UCjRU3c
c q,,CN3 ,N0C0j3cY
BN cnLLaw. @qCN<  Ia<3 0j c3j R8 qIC0j30 +/4+ 3UCjRU3c
8aRL  v7 qCanc IIRs30 nc jR nc3 $CRCN8RaLjC,c jRRIc jR CNq3cjC<j3
3UCjRU3 0CcjaC$njCRN RN j@3 qCanc UaRj3RL3. N0 jR 3uUN0 j@3 GNRsIA
30<3 8Ra <nC0CN< j@3 3UCjRU3 0Cc,Rq3aw UaR,3ccY i@3 Ua3ICLCNaw a3A
cnIjc R8 Rna cjn0w ,N 8,CICjj3 a3c3a,@ 030C,j30 jR 3uj3NcCRN R8 j@3
3UCjRU3 a3U3ajRCa NRj RNIw 8Ra w3IIRs 83q3a. $nj IcR 8Ra Rj@3a qCanc3c
R8 j@3 7IqCqCaC03 8LCIw. N0 ,RNjaC$nj3 jR j@3 03q3IRUL3Nj R8 N3s
q,,CN3cY
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Chapter6
2UCIR<n3
BβζϩАϔυϔΫΞАϔϱϩ R8 U3UjC03c $CN0CN< jR K?+ LRI3,nI3c Cc  ,anA,CI cj3U CN nN03acjN0CN< ,3IInIa a3cURNc3c N0 CN 8,CICjjCN<a3c3a,@ 030C,j30 jR 3UCjRU3 0Cc,Rq3aw. s@C,@ Cc nc38nI 8Ra 03A
q3IRUL3Nj R8 N3s q,,CN3c N0 CLLnNRj@3aUC3cY BN j@Cc j@3cCc. B
Ua3c3Nj Lw ,RNjaC$njCRN jR j@3 03q3IRUL3Nj R8 ,RLUnjjCRNI L3j@A
R0c 8Ra Ua30C,jCN< U3UjC03ĢK?+ CNj3a,jCRNc. s@C,@ ,N a30n,3 j@3
3uU3aCL3NjI 3{Raj N33030 jR C03NjC8w URj3NjCI 3UCjRU3cY i@3 sRaG
Ua3c3Nj30 @3a3 sc LRcjIw 030C,j30 jR CLUaRq3 N0 03q3IRU UNA
cU3,C~, Ua30C,jCRN jRRIc $I3 jR Ua30C,j $CN0CN< jR NwK?+LRI3,nI3
sCj@  GNRsN UaRj3CN c3\n3N,3. N0 CN j@Cc sw $aR03NCN< j@3Ca UA
UIC,$CICjw sCj@CN CLLnNRIR<C,I a3c3a,@Y
7Cacj. s3 00a3cc30 j@3 Cccn3 j@j j@3 Ua30C,jCRN ,,na,w R8
cjj3AR8Aj@3Aaj K?+ ,Icc B L3j@R0c 03U3N0c cjaRN<Iw RN j@3 3uU3aCA
L3NjI 0j qCI$I3 j@j 03~N3c j@3 K?+LRI3,nI3 CN \n3cjCRNY BNA
cUCa30 $w j@3 Ua3qCRnc sRaGc j@j 03LRNcjaj30 j@3 URs3a R8 ,RLA
$CNCN< jsR Ra LRa3 L3j@R0c CN Ra03a jR CLUaRq3 Ua30C,jCRN ,,na,w
)ke. k4. kS. kl*. s3 03q3IRU30  ,RNc3Ncnc L3j@R0. M3jK?+,RNc. Ua3A
c3Nj30 CN +@Uj3a lY i@3 Ua30C,jRa ,RL$CN3c RN3 II3I3AcU3,C~, N0
jsR UNAcU3,C~, L3j@R0c N0 <Cq3c. CN N njRLjC, LNN3a. j@3 $3cj
Ua30C,jCRNc 8Ra  ,@Rc3NK?+LRI3,nI3Y +RNcC03aCN< Ua30C,jCRN ,,nA
a,w R8 j@3M3jK?+,RNc N0 Rj@3a UNAcU3,C~,L3j@R0c. Cj Cc UUa3Nj
j@j j@3 Ua30C,jCq3 U3a8RaLN,3 R8 cn,@ L3j@R0c Cc LRcjIw 03~N30 $w
j@3 0CcjN,3 jR j@3 N3a3cj N3C<@$Rna CN j@3 jaCNCN< c3jY BN Ra03a jR
CLUaRq3 j@3c3L3j@R0c. RN3 c@RnI0sRaG CN  030C,j30LNN3a jR ~II
j@3 <Uc CN j@3 K?+ $CN0CN< cU3,C~,Cjw cU,3. $w C03NjC8wCN< NRq3I
LRI3,nI3c j@j a3 LRa3 0CcjNj 8aRL j@3 RN3c sCj@  ,@a,j3aCy30
$CN0CN< cU3,C~,CjwY
4e
+@Uj3a fY 2UCIR<n3
i@3 M3jK?+,RNcL3j@R0 RnjU3a8RaLc 3,@ R8 j@3 c3Uaj3 L3j@A
R0c N0 $nCI0c  cjaRN< $c3 8Ra 03q3IRUCN< N3s ,RNc3Ncnc UA
UaR,@3cY  a3,3Nj cjn0w $w ?aN0@I 3j IY 03LRNcjaj30 j@3
CLURajN,3 R8 U3UjC03ĢK?+ cj$CICjw 8Ra C03NjC~,jCRN R8 CLLnNRA
<3NC, U3UjC03c )Sz:*Y i@Cc I30 jR j@3 03q3IRUL3Nj R8 j@3 M3jK?+cj$
L3j@R0 8Ra Ua30C,jCN< cj$CICjw R8 U3UjC03ĢK?+ ,RLUI3u3c )Sz9*Y 
,RL$CNjCRN R8 cj$CICjw Ua30C,jCRNc sCj@M3jK?+,RNc c@Rs30 cC<NC8A
C,NjIw CN,a3c30 U3a8RaLN,3 s@3N C03NjC8wCN< URj3NjCI i ,3II 3UCA
jRU3c )Sz9*Y i@Cc 3LU@cCy3c j@3 URs3a R8 j@3 M3jK?+,RNc L3j@R0
jR $3 ,RL$CN30 sCj@ 0C{3a3Nj Ua30C,jCRN jRRIcY BN 8njna3. Cj Cc URccC$I3
jR CNj3<aj3 LnIjCUI3 Ua30C,jCRN cwcj3Lc $w 00CN< a3IjCq3 s3C<@jc
03~NCN< j@3 CLU,j R8 3,@ c3Uaj3 L3j@R0Y 7CNIIw. s@3N j@3 <U R8
Ua30C,jCN< i ,3II a3,3UjRa Vi+`W CNj3a,jCRNc sCj@ U3UjC03ĢK?+ ,RLA
UI3u3c sCII $3 ~II30 sCj@ cRL3 @C<@ ,,na,w L3j@R0c. M3jK?+,RNc
,N $3,RL3 RN3 R8 j@3 jRRIc CN,In030 CN CNj3<ajCq3 UUaR,@3c 8Ra i
,3II 3UCjRU3 Ua30C,jCRNcY
BN j@3 c3,RN0 UaRE3,j. B jRRG j@3 ,@II3N<3 R8 03q3IRUCN<  UNA
cU3,C~, Ua30C,jRa ,RL$CNCN< II ?H ,Icc BB LRI3,nI3c. Ua3c3Nj30
CN +@Uj3a kY BN LNw cU3,jc. K?+ ,Icc BB LRI3,nI3c a3 0C{3aA
3Nj 8aRL K?+ ,Icc B. ,RLUIC,jCN< j@3 UaR,3cc R8 03q3IRUCN< jRRIc
sCj@ j@3 cL3 ,,na,w c qCI$I3 8Ra K?+ ,Icc BY BN Ra03a jR 03A
q3IRU  ,RLLRN L3j@R0. s3 @0 jR jG3 CNjR ,,RnNj j@3 cjan,jnaI
0Cq3a<3N,3 R8 j@3 ?HA/[ N0?HA/`g?HA/TLRI3,nI3c. c s3II
c 0C{3a3N,3c CN URIwLRaU@CcL ,aRcc j@3 0C{3a3Nj IR,CY /3jCI30 c3A
\n3N,3 N0 cjan,jna3 NIwcCc a3cnIj30 CN  Uc3n0R c3\n3N,3 ,RL$CN<
II ?H N0 jsR LRnc3 LRI3,nI3cY iR Rna GNRsI30<3. j@3 03q3IRU30
M3jK?+BBUNAkYz L3j@R0 Cc j@3 ~acj Ua30C,jRa ,RLLRN 8Ra II ?H
,Icc BB IR,CY i@3 L3j@R0 $3N3~jc 8aRL ,aRccAIR,C 0j. c Cc ,@a,j3aA
CcjC, 8Ra K?+ ,Icc B Ua30C,jRacY i@Cc CLUIC3c j@j CN j@3 8njna3. sCj@
LRa3 3uU3aCL3NjI $CN0CN< 0j $3,RLCN< qCI$I3. j@3 L3j@R0 @c
j@3 URs3a jR $3 3uj3N030 jR $3 jaCN30 RN ,aRccAcU3,C3c 0jY i@3 a3A
cnIjc Ua3c3Nj30 CN +@Uj3a k cn<<3cj j@j j@3 ja3N0 R8 03q3IRUCN< Ua3A
0C,jCRN L3j@R0c 8Ra ,Icc BB Cc cCLCIa jR j@3 RN3 Ia30w R$c3aq30 8Ra
,Icc BY i@3a38Ra3. NRj@3a URccC$I3 U3acU3,jCq3 Cc jR 8RIIRs j@3 Uj@ R8
3qRInjCRN R8K?+ ,Icc B jRRIc N0 03q3IRU  ,RNc3Ncnc Ua30C,jRaY 7Ra
j@Cc. j@3 UUIC,$CICjw R8 j@3 a3,3UjRaAUR,G3j $c30 UUaR,@ 8Ra K?+
,Icc BB LRI3,nI3c N330c jR $3 CNq3cjC<j30Y KRa3Rq3a. sCj@ cj$CICjw
0j 8Ra K?+ ,Icc BB LRI3,nI3c $3CN< <3N3aj30. RN3 ,N ,RL$CN3
K?+ ,Icc BB $CN0CN< |NCjw N0 cj$CICjw Ua30C,jCRNc jR CLUaRq3 ,A
,na,w R8 j@3 L3j@R0c 8Ra C03NjC~,jCRN R8 URj3NjCI +/:+ 3UCjRU3cY
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7CNIIw. +@Uj3a 9 03LRNcjaj3c j@3 CLURajN,3 R8 U3UjC03ĢK?+
Ua30C,jCRN L3j@R0c. ICG3 j@3 RN3c Ua3c3Nj30 CN j@Cc j@3cCc. 8Ra 3uU3aCA
L3NjI 3UCjRU3 0Cc,Rq3awY r3 nc30  ICcj R8 i ,3II 3UCjRU3c 8aRL w3IIRs
83q3a qCanc jR c@Rs j@j j@3 IR,jCRN R8 3UCjRU3c ,aRcc j@3 qCaI UaRA
j3RL3 Cc LRcjIw 03~N30 $w LCNR ,C0 ,RLURcCjCRNY KRa3Rq3a. s3
03LRNcjaj30 j@3 URs3a R8 j@3 X`NG c,Ra3 Rq3a $CN0CN< |NCjw 8Ra
Ua3Ac3I3,jCRN R8 URj3NjCI CLLnNR<3NC, U3UjC03cY 7aRL j@3 a3cnIjc R$A
jCN30 CN j@Cc cjn0w Cj Cc URccC$I3 jR 3ujaURIj3 jR Rj@3a qCanc3c R8 j@3
cL3 8LCIw. 8,CICjjCN< j@3 03cC<N R8 N3s q,,CN3cY
i@aRn<@Rnj j@Cc j@3cCc. B 03LRNcjaj30 j@3 URs3a R8 UNAcU3,C~,
L3j@R0c ,U$I3 R8 Ua30C,jCN< U3UjC03c j@j $CN0 jR K?+ ,Icc B N0
,Icc BB LRI3,nI3cY i@3c3 L3j@R0c Lw c3aq3 3uU3aCL3NjICcjc sRaGA
CN< sCj@CN j@3 ~3I0 R8 3UCjRU3A$c30 q,,CN3 0Cc,Rq3aw N0 03q3IRUA
L3Nj R8 N3s CLLnNRj@3aUC3cY rCj@ cU,3 I38j 8Ra CLUaRqCN< j@3
L3j@R0c. B @RU3 j@j j@Cc sRaGsCII $3 N CNcUCajCRN 8Ra 8njna3 cjn0C3c
,RNjaC$njCN< jR CLLnNRIR<C,I a3c3a,@Y
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)l* M338E3c D. DRN<cL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!zSzS Fb2vKibr7v
?HA!zlzS BBK/2?7H
?HA!zlzS ;H7;;HMrB
?HA!zlzS pH;rH7?p
?HA!zlzS ;Hv;M;BHp
?HA!zlzS Hv2FFHH
?HA!zlzS HHrM;TKp
?HA!zlzS ;KpTHv;p
?HA!zlzS bKbKBHp;p
?HA!zlzS bK[FiBTHp
?HA!zlzS vK/p72viB
?HA!zlzS 7H/TbB
?HA!zlzS K/iBbp7H
?HA!zlzS ;Hp;pH;H
?HA!zlzS BHM/b;2ip
?HA!zlz9 BBK/2?7H
?HA!zlz9 bp;`p/;H
?HA!zlz9 vKbT??FFH
?HA!zkzS pHr/BTiTF
?HA!zkzS pKvMHrFKF
?HA!zkzS FppM`rH7`
?HA!zkzS `pFHbHiHF
?HA!zkzS FH[``p7?
?HA!SSzS pHr/BTiTF
?HA!l:zl Bv;B7[bi7
?HA!l:zl KvKHB7
?HA!l:zl pvK/p72v
?HA!lfzS 2pMTT7;/bv
?HA!lOzl rvKrH;`v
?HA!lOzl BrvKrH;`v
?HA!lOzl vKrH;`v
?HA!klzS `pFHbHiH
?HA!klzS Fir;FMHp7
?HA!klzS `B`/;H[v;r
?HA!f4zS /pBHTB;i`
?HA#!zezl `pFHbHiH
?HA#!zezl bT`2`HpHiH
?HA#!zezl `TB//`7;H
?HA#!zezl `TB//`7;HH
?HA#!zezl `TB//`7;H
?HA#!zezl KT2KiBpKH
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?H 2UCjRU3
?HA#!zezl bTF;Bb`KbK
?HA#!zezl `T`Fi?2b?H
?HA#!zezl `T`Fi?2b?Hp
?HA#!z4zS ?HF`HrFKH
?HA#!Skzl `[r[/HiH
?HA#!S9zS bpF2/Hpv
?HA#!S9zS ?iKr?pi`;7
?HA#!lezl b`B`/;H[v
?HA#!lezl B`/;H[v;r
?HA#!k9zS ?pT7;HpbK
?HA#!k9zS KT2KiBpKH
?HA#!k9zS ?T7HHHpH
?HA#!k9zS vTb;ib;bTB
?HA#!k9zk ?pT7;HpbK
?HA#!k9zk `TB//`7;HH
?HA#!k9zk KT2KiBpKH
?HA#!k9zk ?T7HHHpH
?HA#!kezS `2K??Hp27
?HA#!kOzS 7?2`;vpFH
?HA#!:zzS ?2pM;irKB
?HA#!:zzS v2FFHHvH
?HA#!:zzS ;2K/iBbp
?HA#!:zzS `2K??Hp27
?HA#!:zzS ;2B?pT7;Hp
?HA#!:zzS ;2B?pT7;H
?HA#!:zzS b2KF27?;H
?HA#!:zzl `[r[/HiH
?HA#!:zzl v2FFHHvH
?HA#!:zzl p272TT?
?HA#!::zl ?2b?Hp`br
?HA#!::zl i2brBp/`[r
?HA#!::zl b2KF27?;H
?HA#!::zk ?2b?Hp`br
?HA#!::zk i2brBp/`[r
?HA#!9zzS p272TT?
?HA#!9ezS Fir;FMHp7
?HA#!9ezS `pH/ip2Fr
?HA#!94zS Fir;FMHp7
?HA+!zfzl ``7HT[BH
?HA+!zfzl i``7HT[BH
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